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Food Technology Curricula 


This ts the eighth of a series of articles which intend to elucidate the basic ideas which govern the curricula of our 
educational institutions in the field of food technology. 


Food Technology at the Ohio State University 


H. D. BROWN 
The Ohio State University, Columbus, Ohio 


(Manuscript received February 10, 1950) 


Food technology instruction at The Ohio State Uni- 
yersity has followed rather closely the pattern set by the 
industry in the State. At first, the courses dealt almost 
exclusively with crop and animal production. As 
processed foods appeared on the market, courses were 
introduced in the subject matter departments which 
covered the techniques involved. Thus courses in dairy 
technology were taught in the Department of Dairy 
Husbandry as early as 1894 and a course in vegetable 
and fruit processing was taught ir the Department of 
Horticulture as early as 1910. The first departmental 
recognition in the State started July 1, 1929, when the 
Department of Dairy Technology was created. This 
was followed in 1941 by a committee to encourage study 
and research in food technology and nutrition, which 
served to coordinate activities in the various schools 
and departments. This led up to the organization in 
1945 of the Institute of Nutrition and Food Technology. 
The purposes of the Institute are to: 


1. promote cooperative research in nutrition and food tech- 
nology ; 


2. organize and integrate instructional programs to enable 
graduate and undergraduate students to receive training 
for specialized careers in nutrition and food technology ; 


. mobilize the talents and facilities of The Ohio State Uni- 
versity and The Ohio Agricultural Experiment Station in 
a coordinated program of education and research toward 
the broad objective of improving health through better 
nutrition and wiser use of technology in relation to foods, 
and 


4. receive grants-in-aid for researches in nutrition and food 
technology, these grants to be administered for the Insti- 
tute through the Research Foundation, the Development 
Fund, or the Experiment Station. 


The Institute has coordinated the activities of many 
departments of the University and Experiment Station, 
so that instruction and research in food technology are 
part and parcel of more than twenty departments on the 
campus and at the Agricultural Experiment Station at 
Wooster. 

The current Director of the Institute is a member of 
the faculty of the College of Medicine. The Research 
Committee of the Institute includes, in addition to the 
Director of the Ins*'tute, the Director of the Agricul- 
tural Experiment Station, the Dean of the Graduate 
School, the Director of the Research Foundation, pro- 
fessors from the following departments: Agricultural 
Biochemistry, Animal Husbandry, Bacteriology, Dairy 
Technology, Horticulture and Forestry, Home Eco- 
nomics, and Poultry Husbandry. The other committees 
likewise are chosen to secure the widest possible repre- 
sentation. 


The committees on instruction have set up curricula 
in food technology and in nutrition. The former, food 
technology, is based upon the application of the princi- 
ples of chemistry, mathematics, physics, bacteriology 
and engineering to the manufacture, processing, preser- 
vation and preparation for the table of agricultural 
products. It is designed to prepare students for posi- 
tions in food industries, regulatory and control work, 
research and preparation for graduate work. The 
Bachelor of Science degree in Food Technology re- 
quires 206 hours for graduation in the case of men ; 202 
in the case of women who do not take 4 hours of military 
science. 


29 hours 
Agricultural Biochemistry 11 hours 
English............ 9 hours 
Physics... 15 hours 
Bacteriology 11 hours 
Dairy Technology...... 5 hours 
Economics 9 hours 
Poultry Husbandry...... 3 hours 
Horticulture............ 
Mil. Sci. and Phys. Ed................. _.. 16 hours 
141 


In addition to the above, each student must elect at 
least 25 hours from three or more of the ‘ollowing de- 
partments or areas: 

Business organization, Economics, English, Fine 
and Applied Arts, Foreign Languages, Geography, 
Geology, History, Journalism, Music, Philosophy, Pho- 
tography, Physiology (human), Political Science, Psy- 
chology, Sociology, Speech. These courses are designed 
to broaden the students’ fund of knowledge. Most 
advisors insist on the inclusion of Journalism and 
Speech, 

The student is permitted to elect an additional 40 
hours or more from the following technical fields: 


Agricultural Biochemistry . 25 hours 
Agricultural Engineering & hours 
Agronomy..... prey 10 hours 
Animal Husbandry ... 23 hours 
Bacteriology ..... 9 hours 
Chemical Engineering 12-22 hours 
Chemistry 22 hours 
Dairy Husbandry 10 hours 
Dairy Technology 27 hours 
Home Economics 27 hours 
Horticulture 43 hours 
Mathematics..... ae 10 hours 
Poultry Husbandry wl 16 hours 
Veterinary 9 hours 
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oretically possible to elect courses 
he above areas the student usually 
echnical subjects in one or two of 
ermits greater specialization. For 
specializing in the processing of 
vegetables and fru¥ would take all of the courses dealing 
with processing i¥ Horticulture. This would include 
the courses entith ‘: Principles of Food Preservation ; 
Canning, Freezin, ind Dehydration; Pickling and Fer- 
mentation; Fooc Products Examination; Specialty 
Products ( Hortic: 'ture) and Commercial Management 
and Practices witlg Horticultural Products. The labora- 
tory work in all qj these courses would be taken where 
pilot plant facilit{js are available for semicommercial 
processing. In afMition, one or more courses in fruit 
and vegetable cr@ production are elected. Most posi- 
tions in food tech Flogy in our area require considerable 
knowledge of prSiuction as related to quality control 
practices and g ade standardization. Without this 
knowledge the st -lent is severely handicapped. 

A student elecung to specialize in agricultural bio- 
chemistry would take more courses in chemistry and 
chemical engineering. Students in home economics in- 
clude food preparation, food service, food preservation 
and experimental cookery in their curricula. 


from nearly all o 
elects most of hi: 
these areas. This 
example, a stude 
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In all of these courses, regrdless of specialization, jt 
is to be observed that foods and the efficient methods of 
handling foods to preserve their quality are stressed 
continually. This we believe is essential for the training 
of good technologists. 

In addition to the above described courses in food 
technology and a similar one equally comprehensive in 
nutrition, the University offers a number of degrees for 
more restricted subject matter specialization. For 
example, the Department of Dairy Technology has its 
own curriculum ; the Department of Horticulture offers 
a major in horticultural products. Practically all of the 
areas offer advanced work leading to the Master’s or 
Doctor’s degree in specific fields of specialization. It is 
here that the Institute of Nutrition and Food Tech- 
nology is especially helpful by securing funds for fellow- 
ships and equipment for research. 

The development of leadership in students is obtained 
in part by their participation in student clubs in each of 
the several areas such as in the Departments of Horti- 
culture and Agricultural Chemistry and the School of 
Home Economics. Students arrange for speakers and 
thus obtain a direct contact with industry and the prob- 
lems of industry. Many of the Ohio State students who 
are specializing in food technology are members of the 
Ohio Branch of the Institute of Food Technologists. 


Storage Studies on Yeast-Fermented Dried Egg White 


AGNES FRANCES CARLIN anp JOHN C. AYRES 


lowa State College, Ames, lowa 


(Manuscript received August 8, 1950) 


Large scale trials indicate that the removal of glu- 
cose from egg white by dry yeast pellets is commer- 
cially feasible. The nature of the organisms, their 
convenience of supply, and their speed of action are 
of particular inaportance to the industry. This study 
shows that wits yeast fermentation a high grade al- 
bumen results and that undesirable microorganisms 
have little opportunity to reproduce. Excellent angel 
cakes can be mide by using pan-dried yeast-fermented 
albumen. Ancther important purpose of this study 
has been to investigate the keeping qualities of yeast- 
fermented egg white stored at 22° C. (71° F.) and 
40° C. (104° ¥.) for varying periods of time up to 
18 weeks. The effects of fermenting, drying, and stor- 
ing egg white nm its suitability for making angel cake 
are reported. 


The fermentation of raw egg white prior to drying 
has been adopte |! commercially as a necessary step in 
the production of a stable dried albumen. Various or- 
ganisms might be used in producing the fermentation ; 
however, yeast fermentation has proved more. satis- 
factory than spo.itaneous fermentations or pure culture 
fermentations. »ome of the important advantages of 
yeast fermentatigns are that it does not (1) contaminate 
the product, ( introduce undesirable by-products, 
(3) produce affjexcess of acid, (4) cause a loss of 
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mucin, or (5) give rise to objectionable odors or flavors. 
Also yeast is acceptable from a sanitary standpoint and 
produces a rapid fermentation which results in a high 
grade edible albumen with excellent whipping qualities. 

Ayres and Stewart (/) reported on the use of yeast 
for the removal of glucose from egg albumen before 
drying. Large scale trials have indicated that this 
method is commercially feasible. Shortly after drying, 
the product showed all the properties of fresh egg white. 
Angel cakes made with it compared favorably in volume 
and texture with cakes made from fresh egg white. 
Information was needed on the performance of yeast- 
fermented egg white after storage; hence, the present 
study was undertaken. 

In industry, a “spontaneous” fermentation of egg 
white is commonly used previous to drying ; however, 
this method has several disadvantages. The reduced 
angel cake-making power of rehydrated “spontaneous” 
fermented albumen has limited its use. A dried albumen 
with the leavening power of fresh egg white and suitable 
for making high quality angel cakes would probably 
find wide application in the food industry. Specifically, 
this study is concerned with the cake-making properties 
of yeast-fermented dried albumen, after various periods 
of storage at 40° C. (104° F.) and 22°C. (71° F.). 


METHODS AND MATERIALS 


The fermentation procedure was similar in many respects to 
that described previously by Ayres and Stewart (7). As in the 
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earlier studies, commercial dry yeast pellets were used to re- 
move the sugar from the egg white. The speed of fermentation 
was shown to be dependent upon: (1) the size of inoculum, 
(2) an adequate supply of accessory food factors for supporting 
yeast metabolism in the presence of the inhibitory agents in- 
digenous to egg white, (3) the temperature of incubation, and 
(4) the initial pH of the albumen. Also, with this method, the 
pH at the glucose-free stage can be kept at any pH within the 
range 6.4-7.2 simply by providing the proper ratio or by stirring 
to free the accumulating carbon dioxide. The resulting dried 
albumen has a pH over 8.5 and retains good angel cake-making 
properties. 

In the present study the following fermentation procedure 
was used: Egg white was taken from the shell and the thick and 
thin white were blended. Commercial dry yeast pellets (0.3 
percent) and yeast extract (0.1 percent) were mixed with a 
small amount of water and, after warming to 32° C. (90° F.). 
the b’ended albumen, which was adjusted to a pH below 8 by 
the acldition of acid, was added and the mixture was allowed to 
ferment for one hour at 32°C. (90° F.). To this fermented 
albumen, yeast extract (0.05 percent) was added (on the basis 
of the <<ceeding fermentation which contained six parts of 
fresh iuumen (pH<8.0) to one of yeast-fermented material). 
After thorough mixing, the second batch was fermented for 
two hours at 32° C. (90° F.); at this tune the sample had most 
ot the glucose removed. The entire batch was then used as an 
inoculum. In this case three parts of fresh albumen were in- 
corporated with one part of the fermenting albumen. Yeast 
extract or acid were not added to the final fermenation in order 
to avoid excessive yeast metabolism. At the sugar-free stage 
which was determined by the 15 minute browning test (2), the 
albumen was dried. This sugar-free stage occurred after 
approximately four more hours of fermentation. 

Two hundred fifty ml. of egg white was then poured onto 
aluminum trays (16” x 11%” x 1”) to a depth of 4%”. These 
trays were placed under a battery of infra-red heat lamps, care 
being taken to keep the temperature of the albumen below 40° C. 
(104° F.) until a “heavy skin” formed on the surface. The 
lights were then turned off and drying was completed with the 
aid of a fan moving air heated to about 27° C. (80° F.). 

Three separate trials were made; one in the fall, the second 
in the winter, and the third in the spring. For each of these, 
36 dozen three day old eggs from the College poultry farm were 
broken and separated, and the whites were blended to obtain 
a homogeneous sample. Blending was accomplished by using a 
Waring Blendor in which the speed was reduced by means of 
a variable voltage transformer set at 50 v. The egg white 
(920 ml.) was blended for 60 seconds during which time a 125 
ml. Erlenmeyer flask was submerged about % inch in the liquid 
to prevent whipping air into the white. After blending, the egg 
white was a thin, uniform liquid and poured easily. Preliminary 
experiments showed that the blended egg white required a 
shorter beating time to reach the “soft peak” stage of the 
meringue and made angel cakes of higher volume than un- 
blended material. Albumen blended for 60, 90, and 120 seconds 
at 50 v. showed slight differences in beating time and the 
volumes of the angel cakes were similar (see Table 1). Egg 
white blended for 240, 360, and 480 seconds at 50 v. required a 
longer beating time for the méringue to reach the “soft peak” 
stage. These results show the same trend as those of Mac- 
Donnell, Hanson, Silva, Lineweaver, and Feeney (3) who re- 


TABLE 1 
Effect of Biending on the Whipping Properties of Egg White 


Angel Cake 
Time of Beating Time Beating Rate Volume 
Blending of Meringue of Meringue per 100 ml. 
of batter 
(seconds) ( seconds) (mil./g./ sec.) (mi.) 
0 56.8 0.080 571 
30 21.0 0.267 607 
ou 19.5 0.313 624 
9 18.8 0.329 625 
120 21.9 0.276 622 
240 25.2 0.207 621 
360 25.3 0.211 612 
480 30.1 0.170 580 


ported an increase in beating time of meringue with an increase 
in the blending time of egg white from 20 to 80 seconds at 60 v. 

All of the blended egg white was mixed well and was then 
divided into three parts. One aliquot was frozen in lots of 
260 ml. (sufficient for four angel cakes), a second part was 
dried, and the remaining third was fermented and then dried. 
After drying, 36 grams of the product were sealed with wax in 
small bottles and stored at 40° C. (104° F.) and 22° C. (71° F.). 
Samples were removed at the end of 1, 2, 3, 4, 5, 6, 8, 12, 16, 
and 18 weeks, at which time the color of the sample was noted 
and angel cakes were made. 

The formula used for the angel cakes was as follows: fresh 
or rehydrated egg white, 61 g. (dried egg albumen 8.5 g.; dis- 
tilled water 56.5 ml.) ; sugar, 62.5 g.; cake flour, 22.5 g.; cream 
of tartar, 0.9 g.; and salt. 0.3 g. The temperature of the egg 
white was brought to 21° C. (70° F.) in a Hobart mixer bowl 
(Mixer Model K-4-B) and the beating was started at high 
speed (setting 10). The cream of tartar and salt were added 
immediately and 47 gm. of sugar were added in three equal 
portions at 10, 15, and 18-20 seconds. Beating was continued 
to the “soft peak” stage which is characterized by the appear- 
ance of the meringue, (that is, very small air bubbles. a dull 
white color, and the meringue peak caused by removing the 
beater from the foam forms a hook which turns down slightly). 
The four-sugar mixture which consisted of 22.5 g. of cake flour 
and 15.5 g. sugar sifted together three times, was folded into 
the meringue in three equal portions using ten strokes of a 
wire whip for each addition. 

The specific gravity of the meringue and batter was deter- 
mined by weighing a portion of each in a container of known 
volume. A record was made of the beating time of the meringue. 
The specific volume of the meringue was calculated by dividing 
the foam volume (60 ml.) by the foam weight. The rate of 
beating was determined by dividing the specific volume by the 
total beating time; in other words, the rate of beating was 
measured in terms of increased specific volume of foam per 
second of beating[ml./g./sec., see Slosberg, Hanson, Stewart, 
and Lowe (4)]. 

One hundred ten grams of batter were weighed into a baking 
pan (2.75” x 3.5” x 5.5”) of known volume and baked at 174° C. 
(345° F.) for 25 minutes in a Despatch Rotary Oven (Model- 
150-R). After baking, the cakes were inverted, cooled and 
stored at 22°C. (71° F.) overnight. The cake volume was 
measured by the seed displacement method; the results are re- 
ported on the basis of 100 grams of batter. 

Cakes were judged for quality by a carefully selected and 
trained panel. Triangle (odd sample) tests, numerical grading, 
and ranking were used to evaluate the cakes on the day follow- 
ing baking. 

RESULTS AND DISCUSSION 

General. Similar results were obtained in all three 
trials. Since the differences in the results were small, 
the data were pooled and averaged. 

As expected, there were marked differences in the 
color stability of the dried albumens. After two weeks 
of storage at 40° C. (104° F.) a definite orange color 
was evident in the unfermented sample while the fer- 
mented albumen had not changed. The unfermented 
product was “burnt” orange at the end of four weeks 
and by six weeks was a deep brown. The fermented 


. products showed no visible change in color even after 


five months of storage at 40° C. None of the products 
stored at 22°C. (71° F.) showed any change in 
color during the 16 weeks storage period. Samples 
stored for 10 weeks at 40° C. (104° F.) and 22° C. 
(71° F.) are shown in Figure 1. 

Effect of Storage on Beating Rate. The average beat- 
ing rates are shown in Figure 2. The decrease in beating 
rate of the meringue made with rehydrated unfermented 
egg white was most pronounced during the first two 
weeks of storage at 40°C. (104° F.). By that time 
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Fic. 1. Dried es¥: white stored 10 weeks. 1: Fermented, stored 
at 22°C. (71° F.:; 2: Fermented, stored at 40° C. (104° F.); 
3: Unfermente?, ->red at 71° F.; and 4: Unfermented, stored 
at 104° F. 


UNICRMENTED ORIED ALBUMEN (104" F) 
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STORACE TIME IN WEEKS 


Fic. 2. Effect of storage at 40°C. (104° F.) and 22°C. 
(71° F.) on the b. ating rate of meringue for angel cakes made 
with yeast-fermenéed and with unfermented dried albumen. 


there was a dr@ of 89 percent (from 0.235 to 0.026), 
whereas the bdting rate for rehydrated fermented al- 
bumen meringyj decreased only 25 percent (from 0.255 
to 0.190). weeks of storage at 40° C. (104° F.) 
the beating tim@Jof the unfermented egg white increased 
from 24 to 24€¥seconds. The beating time for the re- 
hydrated fermented albumen stored the same period of 
time and at the same temperature increased from 23 to 
31 seconds. Ii - say be seen that rehydrated fermented 
albumen had a much higher beating rate after 18 weeks 
of storage thanA@he meringue made with rehydrated un- 
fermented albuJen had after one week's storage. 

The samplesftored at 22° C. (71° F.) did not show 
much change igfperformance after 10 weeks of storage. 
However, the Jifermented dried egg white apparently 
was beginning J) deteriorate ai the end of 12 weeks as 
indicated by a decrease in beating rate of the meringue. 
The fermented ¥ample had not changed even at the end 
of 16 weeks. 

Effect of Stcrage on Angel Cake Volume. Cakes 
made from all: nples of egg white before storage were 


similar in volume, texture, and appearance. 


Fic. 3. Angel cakes made with samples | of egg white stored 
10 weeks. 1: Fermented, stored at 71° F.: 2: Fermented, stored 
at 104° F.; 3: Unfermented, stored at 71° fF: 4: Unfermented, 
stored at 104° F.; and 5: Frozen control. 
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C. (104° F.), 
cakes made with the rehydrated unfermented albumen 


After only two weeks of storage at 40° 


were of poor quality. Certainly after four weeks of 
storage there was no question as to their being un- 
desirable. The data for the cakes shown in Figure 3 
are as follows: 


Velume of Angel 


| | endition 


Cake Treatment ‘ake, ml. per 
No. | Temp. Ww coks | ml. batter 
5 | Frozen (—30° F.) | 10° F. 10 628 
1 Fermented, dried | 71° F. | wm | 602 
2 Fermented, dried | 10s? F. | 10 | 572 
3 Unfermented, dried | 71° F. | ee 592 
4 nfermented, dried | F. } 10 277 


Figure 4 shows the relationship between cake 
volumes and storage time. As may be seen, the volume 
of the cakes made with the rehydrated fermented egg 
white stored for two weeks at 40° C. (104° F.) were 
5 percent (from 614 ml. to 586 ml.) less than before 
storage as compared with a 25 percent (from 618 ml. 
to 462 ml.) decrease in volume for the unfermented 
sample. Following this initial 5 percent loss in volume, 
cakes made from the rehydrated fermented albumen 


FERMENTED OAIED ALBUMEN. 
Goan) 
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AVERACE VOLUME OF ANCEL Canes 
(ML. PER 100 CRamS OF BaT TER) 
T 


2 « 8 ‘2 ‘4 


STORACE Time (6 WEEKS 
Fic. 4. Effect of storage at 40°C. (104° F.) and 22°C 
(71° F.) on the volume of angel cakes made with yeast- 
fermented and with unfermented albumen. 


showed no further change until the 12th week. By this 
time the cake volume was 10 percent (from 614 ml. to 
555 ml.) less than before storage. 

Results of the storage trials at 22° C. (71° F.) are 
most interesting. The changes in properties occurred 
much more slowly than at 40°C. (104° F.). Cake 
volumes of both dried samples remained similar to the 
frozen controls until the 12th week of storage. By this 
time there was a decrease of only 3 percent (from 618 
ml, to 590 ml.) in the cake volume of the rehydrated 
unfermented egg white ; there was no change in the per- 
formance of the fermented sample. After 16 weeks of 
storage at 22°C. (71° F.), the fermented dried egg 
white did not show any detectable changes, whereas the 
unfermented sample showed a decrease in volume of 
7 percent (from 618 ml. to 573 ml.). 

Effect of Storage on Flavor. The rehydrated fer- 
mented egg white did not have an objectionable “off” 
odor. It did have a faint yeasty odor and the angel cakes 
made with it smelled slightly “bready” during baking. 
An analysis of variance of the flavor scores of a panel of 
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g judges showed a highly significant difference, at the 
| percent level, between the flavor of cakes made with 
fermented albumen and those made with frozen egg 
white. The angel cakes had a peculiar “after-taste.” 
Not all persons tested for the judging panel were able to 
detect it. Of a group of 30 men and women tested, 4 
women and 6 men were unable to distinguish between 
unflavored (no vanilla in formula) angel cakes made 
with rehydrated fermented albumen and frozen egg 
white. When the standard amount of vanilla (0.5 ml.) 
was added to the cakes, all judges found it more difficult 
to pick out the cakes made with the fermented sample. 

Analysis of the scores did not indicate any change in 
favor of the angel cakes made with rehydrated fer- 
mented egg white after storage at either 40°C. 
(104° F.) or 22°C. (71° F.) for any of the periods 
used. 

SUMMARY AND CONCLUSIONS 

1. Dried, yeast-fermented egg white produced satis- 
factory angel cakes immediately after drying. Yeast- 
fermented egg white is soluble in water, rehydrates 
readily, and can be used to make high quality angel 
cakes. This egg white does not have an objectionable 
“off odor” and retains all the properties of fresh al- 
bumen, particularly whipping properties. Further work 
is being done on the flavor of this product. 

2. After 16 weeks of storage at 22°C. (71° F.) 
there were no detectable changes in color and angel-cake 
making properties of yeast-fermented dried egg white. 


Storage at 40° C. (104° F.) caused some deterioration 
in this product. For example, there was a decrease of 
5 percent in the volume of angel cakes made from a 
product stored at 40°C. for two weeks. After this 
initial loss, the material was quite stable until after 12 
weeks of storage by which time there was a slight addi- 
tional decrease of 5 percent. 

3. The functional properties of unfermented dried 
egg white deteriorated rapidly at 40° C. (104° F.). A 
decrease of 26 percent in angel cake volume was noted 
after two weeks of storage. Angel cakes made with this 
product were definitely not satisfactory after 4 weeks of 
storage at 40°C. (104° F.). The solubility had de- 
creased so much that it was impossible to rehydrate all 
of the albumen. When stored at 22° C. (71° F.) for 
16 weeks, the product gave cakes showing 7 percent less 
volume than the unstored product. 
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The quality of processed fruit and vegetable prod- 
ucts is dependent primarily upon two factors: (1) 
the inherent characteristics of the edible portion, and 
(2) the external factors, which include handling meth- 
ods and factory procedures. This paper summarizes 
three years of work on the quality evaluation of fac- 
tors that are inherent in whole grain fresh, frozen, 
and canned yellow sweet corn. The objectives were 
two fold: (1) the establishment of quick objective 
measurements of quality for fresh, frozen, and canned 
yellow sweet corn, and (2) to show the relationship of 
the quality of fresh (raw) corn to its processed prod- 
ucts (canned and frozen). 


Culpepper and Magoon (3, 4, 72) in 1926, 1927, and 
1928 have reported on quantitative chemical studies of 
factors determining quality in sweet corn. They listed 
the following four factors which “are preeminent in 
determining the quality of the canned product: (a) the 
degree of tenderness or toughness of the pericarp, (b) 
the nature of the polysaccharides present and the ratio 
of water soluble to total polysaccharides, (c) the sugar 
content and (d) the compactness with which the poly- 


“Presented at the Tenth Annual Meeting of the IFT, Chi- 
cago, Illinois, May 24, 1950. 


saccharides are laid down in the endosperm and possibly 
the cellular structure of the endosperm itself.” As _re- 
ported in their papers, these methods are rather tedious 
quantitative chemical measurements. However, in re- 
cent years several quick objective methods have been 
described which may be utilized to approximate 
measures of these chemical constituents. Some of the 
more important quick objective measurements of quality 
are discussed below. 

Kertesz (8) in 1934 developed the present alcohol 
insoluble solids (AIS) method for determining matur- 
ity of peas. Jenkins (6) in the same year applied this 
method to sweet corn and found that the AIS determi- 
nation would indicate the maturity of sweet corn. He 
proposed a maximum of 20.5 percent AIS for Grade A, 
23.0 percent for Grade B and over 23 percent for Grade 
C whole kernel canned corn. In 1936 Jenkins and 
Sayre (7) found that the percent total solids and per- 
cent AIS may serve equally well as indices of maturity 
of canned whole kernel sweet corn. They further re- 
ported that the maturity and tenderness were directly 
proportional to scores assigned for flavor on the same 
samples. On April 12, 1950 the Food and Drug Ad- 
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ministration (7) proposed a maximum tolerance of 27 
percent AIS for canned whole kernel sweet corn. 

Sayre and Morris (/4) in 1932 developed a method 
of expressing the sap from sweet corn which was used 
in evaluating its quality. Later Kramer and Smith (70) 
adopted essentially this principle and developed a sim- 
plified hydraulic press, the Succulometer. They state 
“it is equally accurate to a reliable moisture test on the 
raw product and the AIS content on the canned 
product, but is simple to operate and results may be 
obtained in a few minutes.” 

Scott, Belkengren, and Ritchell (75) described a 
rapid quality test on raw corn based on the refractive 
index of the sample. They obtained a correlation co- 
efficient of 0.89 between the percent moisture, as de- 
termined by Brown-Duvel method, and the refractive 


index. 

Parks (73) in 1944 obtained patents on a method for 
determining the moisture content in grains using excess 
calcium carbide to react with the moisture content of the 
sample. A similar technique was reported by Western 
Regional Research Laboratory (1/7) in March, 1950. 


PROCEDURES 

During the last three years several yellow sweet corn va- 
rieties (46 in 1947, 34 in 1949, and 13 in 1949) were grown 
according to acceptable commercial practices in the Horticul- 
tural Gardens. In 1947, each variety was harvested as close to 
optimum maturity as possible. This work was for observation 
and elimination of varieties not suitable for processing. In 1948, 
three harvests were made: pre-optimum (young), optimum, and 
post-optimum (mature) (1/7). In 1949, four harvests were made : 
immature (very young), pre-optimum (young), optimum, and 
post-optimum (mature). The maturity of the corn in the field 
was determined by the number of days from silking, the thumb- 
nail test, and by the accumulated “growth degree day” units. 
The corn was harvested in the morning and immediately de- 
livered to the processing laboratory. It was prepared for 
processing and then processed by canning and freezing accord- 
ing to acceptable commercial practices. 

Data taken on the raw produce consisted of succulence 
(Succulometer values), percent soluble solids (refractive index 
of expressed juice from succulometer determined with a Spencer 
refractometer), and the percent AIS. After a storage period of 
6 months, the samples were opened and graded according to the 
USDA-PMA Standards of Quality for Whole Kernel Canned 
Sweet Corn by a panel of six judges. Color, tenderness, and 
flavor were scored by this panel; while maturity was determined 
by the following objective methods for both the canned and 
frozen corn: Percent soluble solids (determined on extracted 
liquid from Succulometer with Spencer refractometer), suc- 
culence by Succulometer values, percent AIS, and percent peri- 
carp. The pericarp content was determined by macerating a 
25-g. sample with 200 ml. of water in a Waring Blendor for 
exactly three minutes. The slurry was then washed on a pre- 
viously weighed 30-mesh monel screen. This was then dried in 
an electric oven at 100° C. (212° F.) for two hours. The sam- 
ple and screen were then cooled in a desiccator, reweighed, and 
the percent pericarp was calculated by the difference in weight 
multiplied by four. An identical method for pericarp content 
was recently reported by Kramer, Guyer, and Ide (9). 

The 1949 data was used for the calculations of correlation co- 
efficients according to the method of Snedecor (16). 


DISCUSSION 
Table 1 gives the correlation coefficients for the dif- 
ferent factors studied in this work. With the exception 
of flavor vs. AIS content and percent soluble solids vs. 
AIS on the frozen product only, all of these correlations 
are significant at the | percent level ; however, for pre- 


TABLE 1 


Correlations of Objective and Subjective Measures of Quality for 13 
Varieties of Raw, Frozen, and Canned Yellow Sweet Corn Hybrids 


— = 


Characteristics Correlated Correlations 


Condition values) 
Raw Growth Degree Days vs. % Cut otf +0684" 
Raw Growth Degree Days vs. Succulometer —0.646** 
Raw Growth Degree Days vs. % AIS +0.916** 
Raw Growth Degree Days vs. % Soluble Solids +0. 882** 
Raw Growing Days vs. % Cut Off +0.687** 
Raw Growing Days vs. Succulometer —0.617** 
Raw Growing Days vs. % AIS +0.911** 
Raw Growing Days vs. % Soluble Solids +0. 868** 
Raw | % AIS vs. % Soluble Solids +0.896"* 
Raw | % AIS vs. Succulometer —O.711** 
Raw canned) Succulometer vs. Succulometer +0.594** 
Raw—frozen| Succulemeter vs. Succulometer +0.835** 
Raw—-canned|) % AIS vs. % AIS +0.936** 
Raw—-frozen| % AIS vs. % AIS +0.899** 
Raw—canned| % Soluble Solids vs. % Soluble Solids +0.740°* 
Raw—-frozen % Soluble Solids vs. % Soluble Solids +0.476** 
Canned Tenderness vs. % Pericarp —(.892** 
Canned | % AIS vs. Tenderness —0.776** 
Canned % AIS vs. % Soluble Solids +0.725** 
Canned | %% AIS vs. Succulometer —(),828** 
Canned % AIS vs. % Pericarp +0.798** 
Canned | % AIS vs. Flavor —0.145 
Canned | Succulence vs. % Moisture Content +0.861** 
Canned % AIS vs. % Moisture Content —.915** 
Frozen Tenderness vs. % Pericarp —.537** 
Frozen | AIS vs. Tenderness —0),702** 
Frozen % AIS vs. % Soluble Solids +0.360* 
Frozen % AIS vs. Succulometer +-0.745** 
Frozen | % AIS vs. % Pericarp +0.579** 
Frozen | % AIS vs. Flavor -0,109 
Frozen | Sueculence vs. % Moisture Content +0.765** 
Frozen | % AIS vs. % Moisture Content —0.787** 


* The sign * indicates significance at the 5% level and ** shows 
significance at the 1% level. 


diction purposes the correlation coefficient should be 
abeve 0.70. On the raw product the “growth degree 
days "vs. AIS gives a correlation of 0.92. Figures | and 
2 show graphically this relationship of AIS content to 
“growth degree days.” Under the conditions that pre- 
vailed during the 1949 season, most varieties of sweet 
corn stood in the field until approximately 2260 “growth 
degree days” had accumulated before they were graded 
over-mature. Golden Cross Bantam and Ioana were 
the exceptions since they matured with approximately 
2:80 “growth degree days.” These figures are not in- 
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Fic. 1. Relationship of alcohol insoluble solids content of 
seven varieties of sweet corn to maturity (growth degree days) 
1949. Varieties are : ————, Tendermost ; — — Aristogold Ban- 
tam ; — - —, Tendergood ; — — - — — , Joana; — — Aristo- 
gold Bantam Ev.; — — — —, Flagship; and. - - - - - , Illinois 
Golden No. 10. 
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Fic. 2. Relationship of alcohol insoluble solids content of six 
varieties of sweet corn to maturity (growth degree days) 1949. 


Varieties are: ———— Victory Golden; — — Golden Security; 
— - —, lochief; — — - —, Golden Cross Bantam; — — — —, 
O.T.O.;and------ . Big Lincoln. 


tended to establish accumulated “growth degree days,” 
but rather to show that the AIS content is an excellent 
measure of the maturity of sweet corn. Growing days 
could be substituted for growth degree units in 1949 
since there was a correlation coefficient of 0.91 between 
growing days and AIS content. 

Figure 3 and Figure 4 show the relationship of the 
AIS content of the fresh or raw corn to the AIS content 
of the canned and frozen sweet corn, respectively. The 
regression lines are also plotted to show the calculated 
values against the actual values obtained. It should be 
pointed out, however, that the AIS content of the frozen 
sweet corn is approximately 2 percent lower than that 
of the fresh corn at the most mature stage. However, 
this relationship is reversed at the immature stage 
where the AIS of the frozen corn is about 3 percent 
higher than that of the fresh corn. The canned corn is 
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Fic. 2. Relationship of percent alcohol insoluble solids con- 
tent of fresh sweet corn to percent alcohol insoluble solids of 
canned sweet corn. 
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Fic. 4. Relationship of percent alcohol insoluble solids con- 
tent of fresh sweet corn to percent alcohol insoluble solids of 
frozen sweet cor’. 
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approximately 4 percent lower than the fresh corn, but 
is of equal value at the immature stage. The correlation 
coefficient between the fresh and canned corn for AIS is 
0.94 and between the fresh and frozen corn it is 0.90. 
The probable reason for the lower AIS values in both 
the frozen and canned product at the mature stage is 
that during the process (blanching for the frozen 
product and retorting at 121°C. (250° F.) for the 
canned product) conversion of insoluble solids to solu- 
ble solids takes place. With this in mind, the data indi- 
cates that a processor could use fresh corn with the AIS 
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Fic. 5. Relationship of alcohol insoluble solids content to 
succulence for fresh sweet corn. 
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content about 27 percent and still be within the toler- 
ance as established by the Food and Drug Administra- 
tion. 

Figures 5, 7, and 9 show the relationship of suc- 
culence to AIS content for fresh, canned, and frozen 
sweet corn, respectively. The charts show the actual 
values and the regression lines for each product. A 
correlation coefficient of 0.83 and on the canned product 
was the highest obtained with the frozen product having 
a correlation coefficient of 0.75 and the fresh product a 
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Fic. 6. Relationship of alcohol insoluble solids content to 
soluble solids content for fresh sweet corn. 
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Fig. 7. Relationship of alcohol insoluble solids content to 


succulence cc./100 grams for canned whole kernel wellow sweet 
corn. 


correlation coefficient of 0.70. All of these are highly 
significant at the 1 percent level and would be con- 
sidered satisfactory for prediction purposes of the 
maturity of fresh, frozen, or canned sweet corn. The 
reason for the lower correlation on the fresh product is 
believed to be due to a heavy rain between the Ist and 
3rd harvests. This caused an increase in the Suc- 
culometer values, although it was not reflected on the 
canned product to the same extent as on the frozen 
product. Furthermore, it should be emphasized that 
these values are for all varieties studied and they tend 
to balance out abnormalities between varieties. 

Figure 6 demonstrates the relationship of the percent 
of soluble solids to the percent of AIS with both the 
actual values and the regression line shown. A correla- 
tion coefficient of 0.90 was obtained. This would indi- 
cate that the percent of soluble solids as determined by 
the Spencer refractometer is an excellent method of pre- 
dicting the maturity of sweet corn. These values ob- 
tained in this study are considerably lower than those 


proposed by Scott et al. (75). However, it is believed 
that the method of preparing the sample would account 
for this difference as their samples were obtained by 
grinding the entire sample while our data were ob- 
tained from the extract in the Succulometer. Another 
possibility is that their results may have been taken with 
a different type of refractometer or they may have re- 
ported on different varieties than those used in this 
study. 

Figures 8 and 10 show the relationship of the percent 
of pericarp to the AIS content for the canned and frozen 
corn with the actual values and regression lines shown. 
A correlation coefficient of 0.830 was obtained on the 
canned corn, but on the frozen corn only 0.58 was 
obtained for the correlation coefficient. The latter jis 
statistically significant at the 1 percent level but would 
probably not be as reliable for prediction purposes for 
evaluating the tenderness of frozen sweet corn as the 
percent of pericarp is for the canned sweet corn. This 
relationship holds true when considering the organo- 
leptic evaluation versus the percent of pericarp as indi- 
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Fig. 8. Relationship of alcohol insoluble solids content to per- 
cent pericarp content for canned whole kernel yellow sweet corn. 
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Fic. 9. Relationship of alcohol insoluble solids content to 
succulence for frozen whole kernel yellow sweet corn. 
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Fic. 10. Relationship of alcohol insoluble solids content to 
percent pericarp content for frozen whole kernel yellow sweet 
corn. 


cated in Table 1. By organoleptic evaluation versus per- 
cent of pericarp on the canned product a correlation 
correlation coefficient of 0.89 was obtained while in the 
frozen product a correlation coefficient of only 0.54 was 
obtained. However, organoleptic evaluation of tender- 
ness versus AIS content on the frozen product gave a 
correlation coefficient of 0.70 thus indicating that the 
tenderness of frozen sweet corn is associated with the 
alcohol insoluble content rather than with the pericarp 
content. 
CONCLUSIONS 


1. Of the objective methods used in this study and 
as indicated by the correlation coefficients, the alcohol 
insoluble solids content’ (AIS) is the most reliable 
method of determining the maturity of fresh, frozen, 
and canned yellow sweet corn. The alcohol insoluble 
solids content of the canned sweet corn is approximately 
4 percent lower than in the comparable fresh corn while 
that of the frozen product is approximately 2 percent 
lower. 

2. With the fresh product, the percent soluble solids 
as determined by a Spencer refractometer is the most 
reliable quick method of determining the maturity of 
yellow sweet corn. 

3. With the canned and frozen products, the succu- 
lence, as determined by the Succulometer, is the most 


reliable quick method of determining the maturity of 
yellow sweet corn. 

4. The percent pericarp content on the canned 
product is the most reliable method of determining the 
tenderness of yellow sweet corn. 

5. Organoleptic evaluation is the most reliable 
method of determining the tenderness of frozen yellow 
sweet corn. 

6. On the basis of this study and commercial samples 
analyzed in our laboratory (5), the alcohol insoluble 
solids content of canned whole grain yellow sweet corn 
should not exceed 25 percent, and for frozen whole 
grain yellow sweet corn the alcohol insoluble solids 
content should not exceed 27 percent. This would mean 
that the processor could receive fresh corn with alcohol 
insoluble solids content of 29 percent and still meet these 
proposed maximum percentages of alcohol insoluble 
solids. 
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Removal of the water of orange juice to produce a 
high quality granulated orangeade has been accom- 
plished by a two-stage process following a preliminary 
treatment for viscosity control. The first stage con- 
sists of vacuum concentration to high solids in a vac- 
uum pan whereby 97 percent of the water is econom- 
ically evaporated, the second removing the balance of 


the water by vacuum-shelf dehydration after adding 
granulated sugar to form a solid magma. 


Efforts to obtain orange juice in a concentrated form 
with maximum stability in respect to flavor and ascorbic 
acid retention have led to extensive studies of various 
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dry forms of the juice. The transportation and storage 
advantages of an acceptable dried juice are of particular 
interest to the food agencies of the armed forces. Spray- 
dried corn syrup-citrus juice combinations have been 
manufactured for many years and one, the lemon, was 
extensively used as a component of the K ration lemon- 
ade powder of the U. S. Quartermaster Corps during 
World War II. 

The heat-sensitive nature of orange juice has made it 
a difficult liquid to dry with a satisfactory flavor reten- 
tion. The use of the so-called “freeze-dry” method has 
been tried with some degree of success but this is of 
necessity a slow, expensive process requiring large capi- 
tal investment. The reader is referred to the simul- 
taneously published articles of Schroeder and Cotton, 
and Schwarz and Penn for specific information and 
bibliographies (3, 4) also to the earlier article by Flos- 
dorf (1). The hygroscopic nature of the pure dried 
orange juice makes it difficult to dry as well as to handle 
and store satisfactorily. Caking of the powdered, flaked, 
or granulated product during any extended storage is 
apt to occur, making subsequent dispersion very difficult. 

Contrary to common belief, deterioration of flavor 
and lowering of vitamin content may continue in the 


dry ‘product, especially at elevated temperatures. In 
general, however, dry juice is considered more stable 


than the liquid product. 

The following method, as developed in this labora- 
tory, has been found to give a product with satisfactory 
flavor and general stability. The material is much less 
hygroscopic than most dried orange juices and the pro- 
duction process is much more economical. 


METHODS 


Preparation of Dehydrated Orangeade. Extraction of the 
Valencia orange juice may be accomplished by mechanical 
burring or any other method which tends to keep the pectin 
content at a minimum. The juice should be put through a fine 
screen (40 mesh) to remove the larger pulp particles. This 
freshly extracted juice is buffered with a mixture of sodium 
carbonate (15 percent) and calcium carbonate (85 percent) to 
a pH of 4.0, and then flash pasteurized at 75°C. (167° F.) 
with a one minute holding time. The water-heated plate pas- 
teurizer used in this work raised the juice to the required tem- 
perature in three seconds. After holding, cooling was instan- 
taneously effected by flashing into a vacuum pan. 

The juice is then concentrated at about 43° C. (110° F.) in 
the vacuum pan to 80-85° Brix. Then the concentrated juice 
is mixed with 2 to 2.5 times its weight of dry granulated sucrose 
forming a moist granular mass. The exact proportion of con- 
centrate to sugar is dependent on the solids content of the for- 
mer. The moisture content of the mixture must be low enough 
to prevent the mass from melting down during subsequent 
processing. 

The addition of calcium carbonate at this point has been 
found to aid drying. A ratio of 1:8 for calcium carbonate to 
anhydrous citric acid in the juice is a satisfactory amount for 
this purpose. 

Sufficient ascorbic acid may be added to this mixture to pro- 
vide a total of 0.05 percent in the finshed beverage. This is 
equivalent to 0.35-0.40 percent in the dry product. 

After thorough mixing, the material is spread in shallow 
pans and dried in a vacuum shelf drier at 50°C. (122° F.) 
and about 20 mm. pressure. The moisture content in the finished 
product should be around 0.5 percent. Low moisture content 
means increased stability of the product during storage. 

The dried material is now ground to about 15 mesh, and 
sufficient anhydrous citric acid of comparable fineness is added 
to give an anhydrous citric acid content of 3.5-4.0 percent or 
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as preferred. This product, comprising 99.5 percent nutritive 
material, contains 25-30 percent juice solids, being the weight 
equivalent in this respect of a concentrated juice having g 
2-2.5:1 volume concentration ratio. This has been found to be 
close to the maximum that may be dried easily in the manner 
described. 

The addition of 0.006 percent good quality, five-fold con- 
centrated orange oil in the form of a 10 percent extract gives 
a good acceptable flavor with satisfactory stability. This stability 
may be increased by the use of an antioxidant. Experimentally 
0.01 percent hydroquinone in the extract (or 0.06 p.p.m. in the 
dry product) has been used with satisfactory results. 

The beverage is prepared merely by adding 6 or 7 parts of 
water to 1 part of dry material. No difficulty in reconstitution 
with water is experienced even after storage or under conditions 
which cause caking of the product. The appearance of the 
beverage in both color and cloud is exceptionally good. 


Stability of Dehydrated Orangeade 
Dehydrated orangeades, prepared as described, have 
been stored for several months at 37° C. (98.6° F.) and 
found to maintain a satisfactory flavor and ascorbic 
acid (vitamin C) content. In Figure 1, the ascorbic 
acid retention of two dehydrated orangeades during 
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Fic. 1. Ascorbic acid retention in dehydrated orangeades 
stored at 37° C. 


storage at 37° C. (98.6° F.) is shown. One of these 
samples was prepared with added ascorbic acid while 
the other contains only the natural ascorbic acid of the 
orange juice. Ascorbic acid determinations were made 
by the iodine titration method (5). 

The consistent loss of reducing power in the stored 
product with no subsequent increase indicates that there 
was not appreciable reductone interference as has been 
reported for some stored substances (2). The slower 
rate of loss in the fortified sample substantiates this 
view. 

The increased stability of the sample containing added 
ascorbic acid is striking evidence of the effectiveness of 
this material as an antioxidant. The samples prepared 
with ascorbic acid showed an almost complete ab- 
sence of darkening during storage for 5 months at 
37° C. (98.6° F.) with air in the headspace of the con- 
tainer. Packaging in vacuum increased ascorbic acid 
retention and is also recommended to prevent deteriora- 
tion of the flavoring oil. 

Theory of Method 

If orange juice is to be concentrated even in an ordi- 
nary vacuum pan to 80-85° Brix, it is necessary that 
the viscosity of the juice be kept at a minimum by suit- 
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able processing. This is especially true if concentration 
at low temperature is contemplated. High pH and 
limited enzyme action have been found to promote the 
desired condition. By the use of a mixture of calcium 
carbonate and sodium carbonate, it is possible to reach 
the desired pH without precipitating too much calcium 
citrate and at the same time provide enough ions to 
buffer the juice during concentration, thus preventing 
too great a drop in pH. 

The limited pasteurization previously described is 
adequate for destroying most microorganisms which 
might be present. However, it allows some pectic 
enzyme activity to remain which, catalyzed by the cal- 
cium ions, has the desired effect on the consistency of 
the juice. 

The dry granulated sugar serves mechanically as a 
surface extender which greatly accelerates the drying. 
Calcium carbonate added at this step is also helpful in 
the drying procedure. 

Besides acting as an excellent antioxidant, the added 
ascorbic acid fortifies the beverage, making it equivalent 


to natural strength juice in this respect. A retention of 
98.8 percent has been found for ascorbic acid during the 
entire preparation of a dehydrated orangeade. 


SUMMARY 
A fortified dehydrated orangeade which has excel- 
lent stability has been made in an economical manner. 
Upon the addition of water, a beverage having good 
flavor and equivalent in ascorbic acid content to natural 
strength orange juice can be obtained. 
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Role of Glucose in the Storage Deterioration of Whole Egg Powder. 
II. A Browning Reaction Involving Glucose and 
Cephalin in Dried Whole Eggs* 
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(Manuscript received December 28, 1950) 


Evidence is presented for an amine-aldehyde reac- 
tion involving glucose and the phospholipid cephalin, 
which occurs during the storage of dried whole eggs. 
The removal of glucose before drying eliminates or 
greatly retards changes normally occurring in the 
phospholipid fraction during storage. These include 
loss in amino groups, browning, and development of 
fluorescence and ultraviolet absorption. 


The type of nonenzymatic browning which results 
from the interaction of aldehydic compounds with those 
containing amino groups has received a great deal of 
attention in recent years, primarily because of its occur- 
rence in foodstuffs (7, 18, 19). While Maillard’s early 
observations were confined to the browning which re- 
sulted from interaction of reducing sugars and amino 
acids heated together in concentrated aqueous solution 
(20), more recent reports have described reactions be- 
tween reducing sugars and proteins (17, 22, 24, 27), 
low-molecular-weight aldehydes and proteins (17, 23), 
furan derivatives and amino acids (6, 317), simple 
amines and low-molecular-weight aldehydes (3, 9), and 
even acetaldehyde and ammonia (26). These systems 
involve reactions between compounds contained entirely 


* Presented in part under the title “Egg Powder of Greatly 
Improved Quality” at the Tenth Annual Meeting of the IFT, 
Chicago, Illinois, May 25, 1950. 

*Bureau of Agricultural and Industrial Chemistry, Agricul- 
tural Research Administration, U. S. Department of Agri- 


culture. Report of a study made under the Research and 
Marketing Act of 1946. 


in an aqueous phase. It is the purpose of this paper 
to present the evidence for an amine-aldehyde reaction 
involving a phospholipid, cephalin, contained in egg fat, 
and the reducing sugar, glucose. Egg cephalin appears 
to be entirely phosphatidyl ethanolamine (5). 

Glucose has been shown to be the only reducing 
sugar present in the free state in measurable quantities 
in eggs (13, 25). Its interaction with the proteins of 
the white and yolk has been demonstrated both with 
model systems (22, 24) and during the storage of dried 
egg powders (2, 16, 29). These reactions are charac- 
terized by visible browning, loss in protein solubility, 
development of water- or salt-soluble fluorescing sub- 
stances, and loss in measurable amino groups. Methods 
for measuring these changes proved useful during 
World War II as empirical quality control tests for 
whole egg powder (30). However, changes in these 
characteristics did not appear to correlate well with off- 
flavor development during the storage of dried whole 
eggs, particularly for low-moisture powders (4), and 
the lipid constituents were therefore examined as the 
site of the flavor changes. 

During an investigation of the contribution of phos- 
pholipids to the acidity of the ether extract of egg 
powders (14), one of the authors became interested in 
the fact that the brown pigment and off-odors present 
in the egg fat isolated from stored dried whole egg 
powder resided almost entirely in the phospholipid frac- 
tion of the fat. Edwards and Dutton (7, 9) fractionated 
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the “browned” phospholipid obtained from whole egg 
powder stored for 9 months at 38° C. (100° F.) into 
crude cephalin and lecithin, and found that the pigment 
accompanied the cephalin fraction. Cephalin and leci- 
thin prepared from fresh egg are nearly colorless or 
pale yellow substances. Upon saponification of the 
“browned” cephalin, followed by ether extraction from 
acidic aqueous solution, a large part of the brown pig- 
ment was found to remain in the aqueous phase. This 
led these workers to suspect that the browning reaction 
involved in the deterioration of the phospholipid con- 
stituents in dried eggs was not restricted to the usual 
auto-oxidation reactions of aging lecithin. They per- 
formed experiments which strongly suggested that the 
browning was due to the interaction of the amino group 
of cephalin with an unknown aldehyde. Their evidence 
was based upon the following experiments : 

(a) Cephalin, freshly prepared from high-quality egg, when 
allowed to react at room temperature with acetaldehyde, rapidly 
turned brown. Ethanolamine, the amino-containing moiety of 
cephalin, reacted similarly. Neither lecithin nor its nitrogen- 
containing moiety, choline, reacted appreciably under the same 
conditions. 

(b) Ether solutions of cephalin, freshly prepared from high- 
quality eggs, exhibited negligible absorption in the ultraviolet 
range. Both cephalin prepared from stored egg powders and 
the reaction product of cephalin with acetaldehyde shewed 
greatly increased absorption im the ultraviolet (measured in 
ether solutions) and the absorption curves were nearly identical 
with maxima near 270 my. 

(c) Both the cephalin isolated from stored egg powders and 
from the reaction product of cephalin and acctaldehyde were 
shown to be highly fluorescent. Dutton and Edwards (7) found 
an approximate linear relationship between the absorption at 
270 ma and the relative fluorescence coefficients, suggesting 
identity of the fluorescent and ultraviolet-absorbing moieties. 
These measurements were made on the acid- aqueous fractions 
which remained after saponification and ether extraction from 
acidic aqueous solution. Neither the unsaponifiable fraction nor 
the ether extract contained fluorescing substances. 


The postulated cephalin-aldehyde reaction achieved 
considerable significance when Fevold, Edwards, 
Dimick, and Boggs (10) reported that the auto- 
deterioration of the phospholipid fraction was probably 
the sole cause of off-flavor development in dried eggs, 
and Boggs, Dutton, Edwards, and Fevold (4) reported 
that lipid fluorescence, as a measure of the phospholipid 
deterioration, correlated well with palatability measure- 
ments. Both Dutton and Edwards (7) and Fevold 
et al. (10) suggested that the unknown aldehyde arose 
from fat oxidation, possibly in the phospholipid itself. 
However, these workers did not provide information 
on the nature and origin of the postulated aldehyde and 
did not report whether cephalin prepared from egg 
powders stored in the absence of oxygen behaved simi- 
larly. Makower and Green (21), while studying the 
rate of oxygen uptake by whole egg powders at different 
temperatures, observed that control samples, which 
were kept in a nitrogen atmosphere, exhibited more 
marked visible browning than the corresponding sam- 
ple exposed to oxygen. Upon fractionation of these 
samples they found that the phospholipid fraction from 
the control nitrogen-packed powder was visibly browner 
than that isolated from the oxygen-packed sample, and 
showed much greater ultraviolet absorption as measured 
in ether solution. 
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These observations suggested to the present authors 
that the hypothesis for the origin of the postulated alde- 
hyde by oxidation was not tenable; and there seemed 
to be no a priori reason for not considering the known 
aldehydic constituent of egg, glucose, to be the responsi- 
ble aldehyde. Certainly the hydrophilic nature of the 
phosphoric-ethanolamine portion of the cephalin mole- 
cule would not preclude such a possibility. 

The evidence to be presented here for an interaction 
between glucose and cephalin in dried whole eggs is 
based on the reduction or elimination of storage changes 
associated with cephalin by the removal of glucose prior 
to drying. These changes include: visible browning of 
the phospholipid fraction, decrease in amino nitrogen 
of the phospholipid fraction, increased fluorescence and 
increased absorption in the ultraviolet range of the total 
lipid or the phospholipid fraction itself. 


METHODS 


Preparation of Whole Egg Powders. Removal of Glucose. 
Most of the powders were prepared by lyophilization of well- 
mixed whole egg melange prepared from fresh Grade AA shell 
eggs. One set of powders, however, was prepared in a commer- 
cial plant by spray-drying in a Gray-Jensen type dryer some 
frozen whole egg melange which had been thawed just prior to 
processing. The moisture contents of the powders prepared 
were adjusted by distillation in vacuo into the powders of the 
calculated water increment. Glucose removal before drying was 
accomplished by a 2 to 3 hour resting cell yeast fermentation of 
the whole egg melange with either 7orula monosa or Sae- 
charomyces cerevisiae; the method is described in detail else- 
where (15). In the laboratory-scale preparation of the glucose- 
free powders, the melange was lyophilized immediately upon 
completion of the fermentation. The fermented melange used 
in the preparation of the spray-dried powder was pasteurized 
for 3 to 4 minutes at 61° C. (142° F.) immediately after the 
fermentation and just prior to spray-drying. 

Storage Experiments. The powders were stored either in 
sealed vacuum desiccators or in hermetically sealed cans. In 
those cases where the powders were stored in a nitrogen atmos- 
phere, the containers were evacuated and flushed several times 
with oxygen-free nitrogen before filling. The oxygen impuri- 
ties were removed from water-pumped nitrogen by passing the 
gas over freshly reduced copper filings heated to about 400° C. 
(750° F.). High purity, 99.99 percent commercial nitrogen 
(Linde) was also used without further purification. 

Fractionation of the Ether Extracts. Twenty-gram samples 
of egg powder were Soxhlet-extracted with peroxide-free ether 
for 6 to 8 hours. The extracts were made up to volume, usually 
to 250 ml., and an aliquot removed for lipid fluorescence measure- 
ments. The remainder was concentrated on a steam bath with- 
out boiling under a strong air draft to about 20 ml. This was 
then chilled in ice-water, and 60 ml. of ice-cold acetone was 
added to precipitate the phospholipids. The acetone-ether slurry 
was permitted to set for 1 hour in a refrigerator; the phos- 
pholipids were then centrifuged out in a centrifuge operating at 
2-4° C. (35-40° F.). The supernatant liquid was decanted and 
the phospholipid residue was kneaded thoroughly twice and 
centrifuged with about 30 ml. of chilled acetone. After the last 
washing was decanted, the solvent was removed by evaporation 
in vacuo. 

As estimated from analyses for total phosphorus and choline, 
approximately 90 percent of the total phospholipid was precipi- 
tated by this method. Of the total lipid extracted by ether, 
about 87 percent was recovered in the acetone-soluble fraction 
and 13 percent as phospholipid. Analyses of the acetone- 
insoluble fractions prepared in this manner indicated that they 
were comprised of at least 95 percent phospholipid (lecithin 
plus cephalin). These preparations consistently contained close 
to 1.72 percent nitrogen and 3.85 percent phosphorus, with the 
molecular N/P ratios falling in the range from 1.00 to 1.06. 
The phospholipid mixtures averaged approximately 38 percent 
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cephalin as estimated from the ratio of amino-N/total N and 
6 percent lecithin as estimated from the choline/total P ratio. 

The acetone-soluble fractions were concentrated by evapo- 
rating off most of the solvent on a steam bath in a strong air 
draft followed by evaporation in vacuo. 

Spectrophotometric Measurements. The absorption spectra 
measurements were carried out on the various extracts with a 
Cary recording spectrophotometer (Model 11) over the range 
of 250 mu to 500 mu. The experimentally determined ab- 
sorbancy (optical density) data are reported in terms of the 
function used by Dutton and Edwards (7), E\*) = ==, 
where c represents the extract from 1 g. of dried egg in 100 ml. 
of solution and d = 1 cm. The measurements reported here 
were made on solutions containing the extract from 4 g. of 
dried egg in 100 ml. of ether and are therefore reported as 
4. For the absorbancy measurements on the acetone- 


icm 

soluble fractions of the ether extracts, the acetone-soluble oil 
was dissolved in ether to give the same concentration as this 
fraction had in the original ether extract; hence the results 
were also reported as EX* X 4. 


The absorption measurements on ether solution of the iso- 
lated phospholipid fractions are for convenience reported as 
the observed absorbancy at the concentration used. 

Fluorometric Measurements. These measurements were car- 
ried out using a Coleman electronic photoflucrometer with filters 
Bl and PC1 (excitation was by the 365 mu mercury line). The 
fluorescence standard was a solution of quinine sulfate dissolved 
in 0.1N sulfuric acid at a concentration of 0.4 microgram per ml. 
Blank readings for the solvents were subtracted from the ob- 
served readings. For the whole ether extracts and the ether 
solution of the acetone-soluble fractions, a function designed by 
Dutton and Edwards (7) as the relative fluorescent coefficient, 


Tes 
where 1,/Iqu 


#, was calculated by the equation @ = 
is the ratio of fluorescence intensity of sample to that of standard 
quinine solution, and c is the concentration in grams of egg 
powder extracted per liter of solution. For these measurements 
the instrument was routinely set at a scale reading of 100 for the 
quinine standard. For the fluorescence measurements of the 
phospholipid fractions dissolved in ether, the actual scale read- 
ings at the concentration cited are reported. However, the 
instrument was also set in this case at a scale reading of 100 
for the quinine standard. 

Analytical Methods. For amino nitrogen determinations, the 
phospholipid preparations were dissolved or suspended in 
glacial acetic acid and 1 ml. aliquots were used for analyses 
according to the manometric method of Van Slyke. Five- 
minute reaction times were used since preliminary studies on 
freshly prepared phospholipid samples showed that this re- 
action time gave results which averaged within 1 percent of 
that obtained on the same sample after hydrolysis. For amino 
nitrogen determinations on the hydrolyzed phospholipids, the 
samples were first refluxed for 48 hours in 2N H.SO,. 
The fatty acids were removed by filtration, washed with hot 
2N H:SO,, and the filtrate made up to volume with 2N H,SO.. 
One ml. of the hydrolyzate plus 1 ml. of 2N H.SOs,, or 2 ml. of 
hydrolyzate, were used in the analysis, and a 3-minute reaction 
time sufficed. 

Glucose determinations on the whole egg powders were per- 
formed according to the reducing sugar procedure of Somogyi 
(28), with ZnSO, plus Ba(OH). as the precipitating agents 
for interfering substances. 

Choline in the phospholipid preparations was determined ac- 
cording to a modification of the method of Glick (12). 


EXPERIMENTAL RESULTS AND DISCUSSION 


The results of a simple storage experiment shown in 
Table 1 serve to illustrate the magnitude of the changes 
associated with the lipid fraction. The decrease in the 
glucose content of the powder during the 5-week stor- 
age period is also illustrated. 


TABLE 1 


The Effect of Storage on Changes in the Glucose Content and in the 
Lipid Constituents of Dried Whole Egg” 


Ratio 
| Fluorescence | Absorption amino-N 
Glucose of ether to total N 
extract phospholipi 
| 
powder, | EM% x 4 
| lem. 
Control (kept at 
—20° F.).............| 1.23 | 0.4 0.27 0.34 
5 weeks, 75° F. 0.88 0.9 | 0.36 0.32 
5 weeks, 100° F. 0.15 4.4 | 0.94 0.22 


» Lyophihzed; 3.7% H.O. 


It is seen that storage for 5 weeks at 38° C. (100° F.) 
resulted in large increases in the fluorescence intensity 
and ultraviolet absorption of the ether-extracted lipid. 
These changes were accompanied by a loss of amino 
nitrogen in the phospholipid fraction of the ether 
extract. The corresponding changes during storage at 
the lower temperature, 24° C. (75° F.), were of much 
lower magnitude, making it apparent that the reactions 
responsible for the changes in the lipid fraction have a 
large temperature coefficient between 24° and 38° C. 
(75° and 100° F.). 

Phospholipid Fraction as the Source of Fluores- 
cence and Ultraviolet Absorption in Ether-Extracted 
Lipids. Edwards and Dutton (9) observed that the 
cephalin part of the phospholipid fraction exhibited 
higher fluorescence and ultraviolet absorption per unit 
weight than the whole ether extract of stored dried 
eggs. However, they did not show quantitatively how 
much of the fluorescence and ultraviolet absorption was 
in the phospholipid fraction. In the present work, the 
increases in fluorescence and ultraviolet absorption, as 
measured on the ether extract, were found upon frac- 
tionation to reside almost completely in the phospholipid 
fraction. These results also have permitted us to use 
measurements performed on the ether extract as indi- 
cative of changes actually occurring in the phospholipid 
fraction ; hence they are reported at this time. 

First, with regard to fluorescence development, it is 
clear from the results in Table 2 that the increases in 


TABLE 2 


Phospholipid Fraction as Source of Fluorescence in 
Ether-Extractable Lipid 


Sample ¢ Fluores- Fluores- 
of cence of insoluble 
ri whole acetone- 
Moisture Stored at'100° F. ether soluble 
content in extract fraction mg./ml. ether 
% + + Scale reading 
(Control) 0 1.2 1.8 2.0 
2 Ne 1 month 15.5 1.3 38.5 
2 air = 14.2 1.5 33.5 
5 Ne 18.0 1.2 42.5 
5 air - 16.2 1.2 38.0 
(Control) tele 0 1.0 1.4 2.0 
2 Nez 3 months 26.8 1.1 65.0 
2 air tg 22.8 1.7 55.0 
5 Ne = 8 27.5 2.3 67.5 
5 air ” 23.0 0.8 55.0 
(Control) 0 0.6 1.9 2.4 
2 Nz 6 months 30.0 2.3 92.5 
2 air 2 25.0 1.3 60.0 
Nz 29.0 1.7 75.0 
5 air 24.0 1.3 65.0 


¢ All samples were normal glucose-containing lyophilized whole egg 
powders. Control samples were prepared from the same batch of liquid 
egg and kept at 34° C. (—-30° F.) 
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lipid fluorescence during storage occur in the phos- 
pholipid fraction. Even after 6 months’ storage at 
38° C. (100° F.), the acetone-soluble fractions did not 
show a significant increase in fluorescence intensity, 
whereas a 30- to 40-fold increase was obtained for the 
phospholipids in the same period. The results shown 
in Table 2 also make it evident that storage in the 
presence of air is not necessary for the development of 
lipid fluorescence ; thus in every case the lipid fluores- 
cence increase in the nitrogen-packed powder was as 
high as, or higher than that for the corresponding air- 
packed one. 

Secondly, the increased absorption in the ultraviolet, 
as measured on the total ether-extracted lipids, was 
similarly attributable to changes in the phospholipid frac- 
tion (Figure 1). The absorption curves in Figure 1 are 
for the ether extracts from a control egg powder sample 
kept at —34° C. (—30° F.) and two stored powders, 


qT 
2Nn 4 
#§ TOTAL ETHER EXTRACTS 
q Control-_“ 
i 


ACETONE ~ SOLUBLE FRACTIONS 
OF ETHER EXTRACT 


ABSORPTION x 4 
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2a 
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' 
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OF ETHER EXTRACT 
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Fic. 1, Absorption spectra of whole ether extracts and the 
acetone-soluble and acetone-insoluble fractions prepared there- 
from. Ether extracts and fractions from three samples of nor- 
mal (glucose-containing) whole se powder are shown. Con- 


trol: Original powder kept at — 2N: Powder containing 


2 percent H,0 stored 1 month at 100° F. in N,;, and 2A: Powder 
percent H,O stored 1 month at 100° F. in air. 


containing 2 
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one of which was stored at 38°C. (100° F.) for } 
month in air and the other under identical conditions 
but in a nitrogen atmosphere. It is also evident from 
these curves that the increased absorption in the ultra- 
violet is not mainly due to an oxidative reaction, since 
the increase observed for the sample stored in nitrogen 
was of the same order of magnitude as that stored in air, 

The whole ether extract and the acetone-soluble frac- 
tion therefrom, prepared from the air-packed sample, 
did show decreased absorption in the vicinity of 445 mp. 
This was almost certainly due to an oxidative loss in 
carotenoids. 

Effect of Glucose Removal on Phospholipid Deteri- 
oration. It has been shown above that the increases in 
fluorescence intensity and absorption of the total lipid 
material in the ultraviolet range are due almost entirely 
to changes in the phospholipid fraction. That these in- 
creases involve cephalin rather than lecithin follows 
from the observations of Dutton and Edwards (7, 9), 
who showed that the fluorescence and browning of the 
phospholipid fraction are due largely to cephalin. The 
data to be presented now show that removal of glucose 
before drying practically eliminates these changes. 

The interaction between glucose and phospholipid 
may be accomplished by simply heating egg powders 
in vacuo. Two powders, both prepared by spray drying 
from the same batch of liquid egg melange, but one of 
which was rendered glucose-free by yeast fermentation 
prior to drying, were heated 5 hours at 98° C. (208° F.) 
in vacuum of below 0.2 mm. Hg. This was done in the 
course of moisture determinations on certain samples. 
Both powders contained 5.3 percent H,O initially. The 
effect of the heat treatment on the glucose content and 
total lipid fluorescence is shown below: 


_ Glucose of ether 
in powder extract 
percent 
U nferme ted powder—Before heating......0.93 0.6 
After heating.........0.37 52.5 
Fermented powder—-Before heating. 0.03 0.5 
_ After heating... 4.1 


Changes in the absorption spectra of the ether extracts 
from these samples are shown in Figure 2. 

These data show that a number of changes in the 
lipid constituents accompany the loss of glucose in the 
normal powder, but do not occur to any great extent 
in glucose-free powder. These changes include: in- 
crease in fluorescence intensity, increase in ultra-violet 
absorption, and visible browning. 

The interaction between glucose and cephalin oc- 
curring during the storage of whole egg powders is 
evident in the results of some other storage experi- 
ments. Thus, the data in Table 3 show that glucose 
removal practically eliminates the major deteriorative 
changes which occur in the phospholipid fraction of the 
normal, glucose-containing powders. The phospholipids 
from glucose-free powders show little evidence of 
browning in contrast to the intense darkening observed 
with the phospholipids prepared from the normal pow- 
der. A rough measure of the extent of the browning is 
indicated by the data showing the absorption in ether 
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Fic. 2. Effect of heating in vacuum ( < 0.2 mm. Hg.) for 5 hours at 98° C. on the absorption spectra of the ether extracts 


from two spray-dried whole egg powders; a normal (glucose-containing) powder and a fermented (glucose-free) one. Both powders 


were prepared from the same batch of liquid whole egg melange and contained 5.3 percent H-O before heating. 1: 


2: After heating. 


solution at 500 my (Table 3). It will be noted that the 
phospholipids prepared from the normal powders stored 
in nitrogen consistently show more absorption than 
their counterparts prepared from a normal powder 
stored in air. This was also obvious from direct visual 
examination. The phospholipid from the nitrogen- 
packed powders appeared much darker than the air- 
packed counterparts. 

The development of fluorescence and increase in 
ultraviolet absorption at 300 my (Table 3) are also 
nearly prevented by glucose removal before drying. 
Figure 3 illustrates the effect of glucose removal on the 
absorption curve for wave lengths from 250 to 500 my. 


Before heating; 


More direct evidence of the effect of glucose on the 
cephalin deterioration is offered by the amino-nitrogen 
analyses performed directly on the phospholipid frac- 
tions (Table 3). Glucose removal practically prevented 
the loss in amino nitrogen occurring in the powders 
containing 2 percent moisture. At the higher moisture 
content of 5 percent, the loss in amino nitrogen is re- 
tarded but not prevented. Apparently other reactions, 
perhaps of a polymerization nature (5), are active in 
the latter case in blocking or destroying the free amino 
group of the cephalin molecule. Analyses for amino 
nitrogen on the phospholipid preparations after hydroly- 
sis showed that, for the phospholipids prepared from 


TABLE 3 


Effect of Glucose Removal on the Phospholipid Changes in Lyophilized Whole Egg Stored Under Various Conditions 4 


Sample Phospholipid Analyses 
Storage Glucose of whole ' , | Absorption at Absorpticn at 
Moisture Stored in period : ether-extract Ratio NH -N | 500 ma 300 mg 
content * to total-N | 10 mg./ml. ether 2 mg./mil. ether 
% Weeks In powder, % | | 
(Control) 0 1.33 0.03 1.4 1.5 0.34 0.35 | 0.03 0.03 0.12 0.10 
2 N, 4 0.46 13.0 2.0 0.25 0.33 | 6.21 0.04 0.41 0.11 
2 air 4 0.48 12.4 26 | 0.26 0.33 | 0.11 0.04 0.46 0.14 
5 N 4 0.08 14.6 2.1 | 0.22 0.28 | 0.23 0.04 0.41 0.11 
5 air 4 0.08 13.2 3 0.23 0.28 0.10 0.03 0.39 O11 
(Control) 0 1.28 0.03 1.8 1.5 | 0.35 a 0.02 0.02 0.15 0.13 
2 Ne & 0.37 17.4 2.6 | 0.22 0.32 | 0.31 0.03 0.60 0.16 
2 air 8 0.36 17.2 4.3 0.23 0.30 | 0.14 0.02 0.60 0.20 
5 Ns “ 0.08 16.6 26 | 0.20 0.24 | 6.30 0.03 0.54 0.14 
5 air 8 0.05 17.0 a. > ae 0.24 | 0.13 0.02 0.51 9.16 
4 Storage at 100° F. * Unfermented, normal glucose-containing powder. ‘ Fermented glucose-free powder 
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PREPARED FROM EGG POWDERS 
CONTAINING 5% WATER AND 
STORED 3 MOS. (00°F) IN AIR 


DENSITY 


OPTICAL 


05 


1 1 
250 300 350 400 450 500 
WAVE LENGTH IN MILLIMICRONS 


Fic. 3. Effect of storage at 38° C. (100° F.) on the changes 
in absorption spectra of the phospholipid fractions from a nor- 
mal (glucose-containing) and a fermented (glucose-free) egg 
powder. Absorption measurements were performed on ether 
solutions containing 5 mg. of phospholipid per ml. 


the glucose-free powders, approximately 99 percent at 
the 2 percent moisture level and 90 percent at the 5 
percent moisture level of the amino nitrogen lost during 
storage were recovered by hydrolysis. The correspond- 
ing values for the hydrolyzed phospholipids from normal 
glucose-containing powders were 82 percent and 69 per- 
cent, respectively. These results suggest that the 
glucose-induced loss in amino nitrogen is a more de- 
structive reaction than that responsible for the loss of 
amino nitrogen in the phospholipids contained in the 5 
percent moisture glucose-free powder. 

The various results reported in Table 3 indicate an 
aldehyde interaction with cephalin, inasmuch as Dutton 
and Edwards (7, &) found that reaction between ace- 
taldehyde and cephalin produced similar changes. Since 
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the data presented here offer strong evidence that the 
reaction proceeds just as extensively in the absence of 
oxygen as in its presence, the development of aldehydes 
through oxidative processes and their subsequent re- 
action with cephalin must play only a minor role com- 
pared to the glucose-cephalin interaction. 

The data in Tables 2 and 3 also show the somewhat 
surprising result that the glucose-cephalin reaction pro- 
ceeds just as extensively at the 2 percent moisture level 
as at the 5 percent moisture level. This is at variance 
with data reported by Dutton and Edwards (8). Other 
data, to be presented in a subsequent paper, show that 
the glucose-protein interaction in whole egg powder, 
on the other hand, is markedly diminished by decreasing 
the moisture content of the powder. 

Similar evidence for the glucose-cephalin interaction 
has been obtained in storage experiments with commer- 
cially prepared spray-dried powders. These results are 
shown in Table 4. Storage at 38° C. (100° F.) pro- 
duced changes in these powders equivalent to those 
described for the laboratory-prepared lyophilized pow- 
ders. Results obtained from analyses of the same 
powders after 5 months of storage at 16° C. (60° F.) 
reveal that the glucose-cephalin reaction proceeds slowly 
at this temperature, but the changes are nevertheless 
definite after 5 months. As a rough estimate it appears 
that one month of storage at 38° C. (100° F.) results 
in 5-fold more extensive glucose-cephalin interaction 
than occurs in 5 months at 16° C. (60° F.). 

The evidence presented here is not intended as proof 
for a reaction between glucose itself and cephalin. It is 
possible that such degradative products of glucose de- 
composition as hydroxymethyl furfural, methyl glyoxal, 
or acetol may be more directly involved. The essential 
point of the evidence is that the major part of the 
cephalin deterioration occurring during the storage of 
dried eggs is glucose-induced. 


SUMMARY 


The following changes in the phospholipid fraction 
which occur during the storage of whole egg powder 
have been found to be practically eliminated by removal 
of glucose from the liquid before drying. These are: 

1. Visible browning of the total lipid or phospholipid 
fraction. 

2. Development of fluorescence in the total lipid or 
phospholipid fraction. 

3. Increased ultraviolet absorption by the total lipid 
or phospholipid fraction. 


TABLE 4 
Effect of Glucose Removal on the Phospholipid Changes in Spray-Dried W hole Egg Stored Under Various Conditions © 


Sample Phospholipid Analyses 
F Storage Glucose Absorption Absorption Absorption 
Moisture Stored in Fluorescence 500 ma 360 ma 300 ma 
content 0.1 mg./ml. ether 10 mg./ml. ether 10 mg./ml. ether 2 mg./ml. ether 
% In powder, % Scale reading 
u® F! U F U F U F U F 
(Control) 0 1.07 0.03 3.7 3.3 0.02 0.02 0.14 0.17 0.10 0.13 
5 Ny 5 wks. at 100° F. 0.06 42.5 6.7 0.23 0.03 1.30 0.22 0.40 0.14 
5 air eee oe ee 0.06 40.8 7.7 0.16 0.03 1.13 0.26 0.40 0.17 
(Control) : 0 1.05 0.03 28 1.8 0.03 0.02 0.13 0.12 0.08 0.09 
5 Ne 5 months at 60° F. 0.33 15.0 2.7 0.07 0.03 6.39 0.14 0.15 0.09 
5 air = aes 0.38 10.5 3.5 0.05 0.03 0.38 0.17 0.17 O11 


* Commercially spray-dried whole eas. » Unfermented normal glucose-containing powder. 1 Ferme nted glucose-free powder. 
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GLUCOSE AND CEPHALIN IN THE 


4. Loss in amino nitrogen content of the phospholipid 
fraction. 

These changes in the normal glucose-containing pow- 
der are not significantly influenced by the presetice or 
absence of oxygen during storage. Nor are they intluced 
by storing the glucose-free powders in air. In fact, the 
amount of “browning” observed in the phospholipid 
fractions isolated from the stored glucose-containing 
powders, estimated both by visible inspection and by 
spectrophotometric measurements of ether solutions at 
from 400 to 500 mp, has been shown to be invariably 
greater in the case of powders stored in a nitrogen 
atmosphere. 

Previous workers (7, 8) showed that the cephalin 
component of the total phospholipid was the compound 
undergoing storage deterioration and additionally that 
this deterioration could be simulated by reacting freshly- 
prepared cephalin with acetaldehyde. Their suggestion 
of an oxidative origin for the reactive aldehyde is not 
confirmed by the present results, which show that the 
most rapid reaction contributing to the deterioration of 
phospholipid during the storage of egg powders is in- 
deed a lipid amine-aldehyde reaction, but that glucose 
is the reactive aldehyde involved. 
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JOHN J. POWERS, ROGER W. FORD, ann W. C. MILLS 


Department of Food Technology, University of Georgia, Athens, Georgia 


(Manuscript received July 19, 1950) 


Measurements of temperatures existing in No. 3 
retorts under regular operating conditions in commu- 
nity canneries showed that the temperatures vary 
widely and are often dangerously low for safe process- 
ing of low acid foods. Admission of steam at the top 
of the retort instead of the bottom resulted in more 
rapid come-up times and greater uniformity of tem- 
perature. Less steam was also consumed with top inlet 

“Domestic Products Division, Ball Brothers Co., Muncie, 
Indiana; present address: The Foxboro Company, New York, 
N.Y. 


heating. Spraying procedures for glass jars are de- 
scribed. Breakage should not exceed 0.2 percent under 
regular community canning conditions. 


The federal and the various state community cannery 
programs arose in part because there was a need for a 
method of food preservation which would enable fami- 
lies to can their own produce more cheaply and surely 
than at home. This need plus the secondary function 
of canning surplus crops for school lunch programs has 
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resulted in the development of community canning pro- 
grams upon a sizeable scale in at least 16 states. 

In spite of the growth of the community cannery 
system, the processing procedures followed are still 
those originally adopted from home or commercial 
sources. Although attempts are made to follow the 
general principles basic to proper processing as de 
veloped mainly by the commercial industry, the souna- 
ness of some common practices, particularly retort 
hook-ups and operative techniques, are questionable 
from the point of view of safety and efficiency. 

Fitzpatrick, McConnell, and Esselen (5) were ap- 
parently the first to study temperature distribution in 
community cannery size retorts and to make recom- 
mendations based upon experimental study. The re- 
torts were heated with steam admitted at the bottom 
through a 74” pipe and vented through a 44” or 3%” 
bleed valve at the top. They recommended that No. 2 
retorts be vented at least 7 minutes at 10 pounds pres- 
sure, No. 3 retorts be vented 25 minutes at 0 pounds 
or 10 minutes at 10 pounds pressure, and that the bleed 
valve be 34” or larger. Their findings are the backbone 
of the directions for venting retorts contained in the 
Production and Marketing Administration’s manual, 
“Community Canning Centers” (7). 

Ford (6) and Powers and Mills (9) developed 
methods of hooking up No. 2 and No. 3 retorts with 
top-inlet steam and outlined procedures to be followed 
in operating the retorts. The use of top-inlet steam has 
been reported to result in more uniform temperature 
distribution in commercial size retorts than the use of 
bottom inlet steam (2, 3, 4, 7, and 8). White and 
Chavous (10) compared steam consumption when No. 
3 retorts were heated from the top and the bottom. 


EXPERIMENTAL 


The study was divided into four phases: (a) investigation of 
the uniformity of temperature distribution in retorts in com- 
munity canneries under regular operating conditions, (b) labora- 
tory examination of bottom inlet heating where conditions could 
be reproduced, (c) exploration of top inlet heating methods in 
the laboratory and in the field, and (d) evaluation of methods 
of cooling glass containers after processing. 

Twelve or thirteen thermocouples were used for each tem- 
perature distribution determination. A Leeds and Northrup 
potentiometer with an external reference junction was used 
throughout the investigation. In the field the thermocouples 
were scattered throughout the retort. In the laboratory the 
thermocouples were concentrated in two tiers of containers at a 
time in various combinations until each tier had been examined 
at least in triplicate. The laboratory runs were made with both 
experienced and inexperienced retort operators to ascertain the 
extent to which the retort operator could affect the results even 
though he apparently followed a standard procedure. 

Most of the retorts hook-ups with bottom heating followed 
the most common field practice and the one recommended by 
some agencies. Steam entered the retort through a 34” pipe 
connected to a tee at the bottom of the retort. The drain (con- 
densate) line led from the opposite side of the tee. A 4” pet- 
cock was used for venting at the top. Variations of this 
hook-up consisted of draining the condensate through a pipe 
separate from the steam line and of varying the size of the top 
vent. 

The top-inlet method of heating consisted of admitting steam 
through two or three 14” lines equally spaced around the top 
of the sidewall of the retort. The condensate and air was vented 
through a 34” pipe at the bottom with a gate valve. A ™%” 
petcock was placed in the drain line between the retort and the 


gate valve. Figure 1 shows the hook-up. In operation, the gate 
valve was left wide open until the retort theremometer regis. 
tered at least 100° C. (212° F.) ; it was then closed, but the 4” 
petcock was left open throughout the cook to permit the con- 
densate and non-condensable gases to vent. 

The spray cooling procedures consisted of attaching varioys 
size spraying nozzles to water lines entering the retort through 
the lid. The nozzles were of a type that distributed the water 
uniformly over the entire area covered by the spray. Air pres- 
sure was used during cooling. The spraying system is shown 
in Figure 1. 


* 5 Spray Nozzirs 


Fig. 1. Diagram of retort hook-up and spray system. 


RESULTS 


An alarming degree of mis-operation of retorts was noted 
when temperature distribution studies were made in community 
canneries. At each cannery the regular retort operator was 
requested to operate the retort exactly as he normally would. 
Figure 2 shows the erratic temperature distribution observed 
in one cannery. There were no thermometers on the retorts, 
the pressure gauge on the retort within which the temperature 
distribution measurements were made was inaccurate, and the 
retort operator failed to drain off any condensate with the re- 
sult that the condensate apparently cooled the cans in the lower 
part of the retort during the come-up period. Note in Figure 2 
lines 3, 5, 9, and 11 which show the temperature existing at the 
four thermocouples in the lowest tier of cans. 

In some plants, good temperature distribution was observed; 
too often, however, it was as poor or nearly as poor as that 
shown in Figure 2. When faults were pointed out to the retort 
operators, they were eager to correct them. Failure of the 
operators to understand the basic principles of pressure process- 
ing was the primary cause of the poor retort practices, but they 
were not solely responsible for the mis-operation found. The 
Community Canning Center’s Manual (1946 edition), for exam- 
ple, instructs the operator to make certain that the drain valve 
is closed before turning on the steam. This same edition also 
shows a retort hooked up with the steam entering at the bottom 
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MINUTES 
° 10 20 30 40 ,, 3 


Fic. 2. Temperature distribution’ in a No. 3 retort loaded 
with No. 2 cans of cream-style corn. Bottom steam inlet. Retort 
pressure gauge at 13 pounds during processit.z period. Range of 
temperatures existing during processing period shown as solid 
area. Note that lines 3, 5, 9 and 11 (representing thermocouples 
in the lower portion of the retort) show cooling during the 
coming-up period. 


through a tee and pipe through which the condensate must also 
drain. The venting directions were derived, however, from 
temperature distribution measurements made in retorts with 
separate steam and drainage lines. The previous edition of this 
manual (1944) showed separate steam and condensate lines. 

Temperature Distribution with Bottom Inlet Heating. 
The findings of Fitzpatrick, McConnell, and Esselen (5) were 
substantiated with bottom inlet heating in the laboratory. These 
workers were restricted to 15 pounds steam (because of the 
boiler regulations in Massachusetts) for the thin walled vessels 
then being manufactured. They suggested that the venting times 
they recommended might be reduced if higher pressure steam 
was used. In our study, steam ranging from 18 to 55 pounds 
pressure was used. Runs were observed in which the retorts 
were fully vented in five minutes with 38 pounds of steam, but 
poor venting was also encountered under apparently the same 
conditions. Possibly slight differences in stacking the con- 
tainers or placing the retort crate off-center affected the flow 
of steam so that air pockets resulted. Because such variations 
are normal, the venting time should be long enough to flush 
out the most persistent air pockets; thus the venting times 
Fitzpatrick, McConnell, and Esselen (5) suggest for low pres- 
sure steam should be applied to pressure up to 40 pounds to in- 
sure the invariable removal of air. When condensate is drained 
through the same pipe as the entering steam, 15 minutes venting 
under pressure should be the minimum for No. 3 retorts. 

Top-Inlet Heating. Retorts attained uniform temperature 
more rapidly with top inlet steam than with bottom inlet steam. 
With top inlet steam the retort could be brought from room tem- 
perature to 115.6° C. (240° F.) in about 15 minutes. When 
bottom-inlet heating was used with the same come-up time, the 
center of the top tier of containers was generally only at 110° C. 
(230° F.) at the end of the come-up time and other locations at 
the top of the retort were about three degrees below the desired 
temperature, which is 115.6° C. (240° F.). 

To demonstrate the rapidity with which top-inlet steam clears 
a retort of air, a regular run was started, then air was injected 


into the retort at the bottom. While air was being injected the 
temperatures varied widely as might be expected, but when the 
air was shut off, the top inlet steam cleared the retort of air 
within four minutes. 

Top-inlet heating resulted in decreased steam consumption. 
The amount of condensate collected when 95 quarts of water 
initially at 21.1°C. (70°F.) were processed at 115.6° C. 
(240° F.) for 40 minutes averaged 54 pounds for 20 determina- 
tions. The average for 20 bottom-inlet determinations was 58 
pounds. The difference was statistically significant at the 5 per- 
cent level. The decreased steam consumption observed agrees 
with the findings of others (4, 6, and 10). 

Using eleven thermocouples per determination, five compari- 
sons were made between the rate of heat penetration into quart 
jars of green beans heated with top and bottom-inlet steam. 
Figure 3 shows that top-inlet heating resulted in more uniform 
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MINUTES 
Fic. 3. Heat penetration into quart jars of green beans. 


Spray cooled. Dotted lines, thermocouple at top of retort out- 
side of jar; broken lines, thermocouple at bottom of retort out- 
side of jar. Upper figure shows bottom-inlet steam, lower figure 
shows top-inlet steam. 


heat penetration than bottom-inlet heating with the same come- 
up time. When the proper, but longer, vent required to clear 
the retort of air with bottom inlet heating was used, the range 
of temperatures within the jars was not much greater than that 
of the top inlet heated jars. 

Spray Cooling of Glass Jars. The processing phases of the 
study consisted of the development of methods whereby spoilage 
would be minimized and quality improved. The cooling phase 
was concerned with these objectives and the additional one of 
determining whether glass jars could be handled rapidly and 
easily in community canneries so as to reduce container cost 
through re-use of the container. 

In the past some plant operators have discouraged the use 
of glass jars because the retorts could not be blown down 
rapidly to permit immedate re-use of the retort. With glass 
containers, the retorts had to be allowed to cool slowly so as to 
avoid loss of liquid or else accept loss of liquid and the danger 
of burns from venting liquid if the retort was opened pre- 
maturely. Water cooking and cooling under pressure, although 
faster, is still too slow. 

Cooling was effected by spraying a very fine mist of water 
onto the jars after processing. A small, high capacity, low 
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pressure air compressor was used to maintain pressure in the 
retort until the initial temperature (and pressure) of the jars 
was reduced below the venting point of the closure. In practice, 
a No. 1 spray (delivering about 0.2 gallons of water per minute) 
was turned on until the retort temperature fell to 87.8° C. 
(190° F.). Then two No. 5 sprays (each delivering about 0.9 
gallon per minute) were also turned on until the retort tem- 
perature reached 71.1°C. (160° F.). At this point the retort 
could be opened and the jars removed to a spraying chamber 
where a No. 10 spray (delivering about 7 gallons per minute) 
was used to reduce the temperature to 37.8-43.3°C. (100- 
110° F.). Figure 3 shows the cooling rate of the retort and 
green beans in quart jars. Whether tin or glass containers are 
used, the spray system is superior to the tank method of cooling 
cans because the tendency is to seldom change the cooling 
water, particularly in areas where water is scarce, with the 
result that the couting rate toward the end of the day is ex- 
tremely slow. 

Jar breakage was negligible. Less than 0.5 percent breakage 
was encountered in the laboratory. The equivalent of over 26.000 
jars was handled. Some of the jars were badly spalled from 
repeated use; yet thermal breakage was rare. Under plant con- 
ditions where some of the drastic cooling methods tried experi- 
mentally would not be used, breakage should not exceed 0.2 


percent. 
DISCUSSION 


The field studies revealed conditions which should be 
a cause of grave concern to community cannery leaders 
and public health authorities. From personal observa- 
tion the senior author is sure that poor retort operation 
is not confined to one state. : 

Although spoilage may not be as high as one would 
expect with such poor retort operation, it is held down 
only because the retort operator arbitrarily increases 
the recommended processing time to overcome spoilage 
he has experienced in the past. Such a procedure is 
obviously haphazard from a bacteriological point of 
view ; it also results in lower quality due to overprocess- 
ing when the processor overestimates the cook needed. 
Research is definitely needed to establish minimum 
standards for ecuipment and procedures. Although the 
volume of food packed in any one community cannery 
may not be impressive, in the aggregate the amount 
canned in the United States is large. In Georgia alone, 
for example, the equivalent of 210,000 cases of food is 
canned yearly in the state’s 431 community canneries. 
Failure to observe reasonable standards of safety from 
a bacteriological standpoint could lead to widespread 
economic loss and possibly food poisoning. 

The laboratory comparisons of bottom and top-inlet 
heating showed that the theoretical advantages of top- 
inlet heating were establishable as facts. The reason 
retorts with top inlet heating vent more rapidly is that 
the natural tendency of air to settle out of an air and 
steam mixture is utilized. The weight of the steam 
overlaying the air plus the pressure of the incoming 
steam drives the air out the bottom without undue 
mixing. 

Top-inlet heating consumes less steam than bottom- 
inlet heating because more heat is extracted from the 
steam. The first steam entering the retort with top 
inlet heating condenses on the top layers of jars. The 
condensate in draining to the bottom of the retort passes 
over cold jars thereby giving up sensible heat. With 
bottom-inlet heating, on the other hand, only the latent 
heat is extracted from the first steam entering the retort 
because the steam condenses near the bottom of the 


retort and the condensate has no opportunity to draiy 
over the rest of the jars meanwhile giving up heat. Fur- 
thermore, with bottom-inlet heating considerable steam 
must be vented out the top before all the air is expelled 
whereas Defore much steam passes out the bottom vent 
with top-inlet heating the retort is free of air and ready 
to be brought up to temperature. 

Although the cooling period required for glass jars js 
longer than for tin cans, the exhausting step is elimi- 
nated when glass jars are used. Since this study was 
made in 1947, about 100 canneries in Georgia and 400 
in other states have converted their retorts to top-inlet 
heating and spray cooling. By spray cooling jars rather 
than air cooling, overcooking is avoided and the produc- 
tion rates of the canneries stepped up. In removing a 
production bottleneck, and thereby the objection of 
some plant operators to glass containers, one of the 
objectives of the community cannery idea, namely, low 
cost canning for low income groups, is met since there 
is not a yearly, re-occurrent cost for containers. 


SUMMARY 

1. Temperature distribution measurements in com- 
munity canneries showed that a high percentage of the 
retort hook-ups and operating techniques were faulty. 

2. Uniform temperature distribution was secured in 
No. 3 retorts more rapidly when steam was admitted at 
the top than when admitted at the bottom. 

3. Less steam was consumed with top-inlet heating 
than with bottom-inlet heating. 

4. Spraying procedures were developed for glass con- 
tainers which permit glass jars to be cooled in com- 
munity canneries quickly and without breakage. The 
cooling procedure also enables tin cans to be cooled 
more rapidly than by the cooling tanks commonly found 
in community canneries. 

5. Irrespective of the container used, the procedures 
described should lead to an improvement in quality and 
greater freedom from spoilage. 
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Product Control in the Baking Industry* 


R. WALLACE MITCHELL 
Purity Bakeries Corp., Chicago, Ill. 


(Manuscript received May 29, 1950) 


A discussion of the various factors that contribute 
to successful products control in bakery operation is 
given. Organization set-up, department responsibility, 
and the mechanics of material and products inspection 
are covered. 


Successful product control in a bakery operation is 
essentially the same as in a packing plant or a shoe 
factory or a steel mill. An attempt will be made below 
to point out some of the items which we occasionally 
over-look when we think of “Product Control.” Too 
often we visualize only the office or department that 
concerns itself with testing supplies and products. 

I wish to suggest that efficient product control in- 
volves team work of high precision from administrative 
head down through Purchasing, Personnel, Production, 
Laboratory and Merchandising. When all departments 
are carefully integrated and balance is achieved all 
along the line, then the confidence which team organi- 
zation inspires brings out the best efforts of each group. 
Under this type of organization there is no place for 
prima donnas. 

At the top, administrative authority makes policy 
decisions after considering the recoramendations of the 
various department heads. The merchandising depart- 
ment must be considered in problems of consumer 
demand, package appearance, seasonability, timing, and 
advertising. The production department can offer coun- 
sel in matters pertaining to costs and equipment limita- 
tions. The purchasing department is qualified to offer 
guidance in problems of procurement, costs, and avail- 
ability of supplies. The laboratory should provide 
specifications arrived at by a knowledge of the require- 
ments of the manufacturing department. 

No new product should be offered for sale until all 
of these functioning elements of the team are in sus- 
tantial agreement as to the feasibility of the proposal. 
Once agreement is reached, then each member of the 
team can operate smoothly and with clearly defined 
purpose. 

I know that the thought that suggested the title to 
this discussion considered “Production” to be the 
theme, so, therefore let me confine these remarks to 
some oi the details which pertain to the functions of the 
three persons most intimately connected with manu- 
facture, namely, the purchasing agent, the supervisor 
of production, and the laboratory head. It is of utmost 
importance that these three offices work together co- 
operatively and harmoniously. 

What the production department needs is ingredients 
best suited to the manufacturing problem. The labora- 
tory is prepared to draw specifications after thorough 
tests. This can best be accomplished if the head of 
production is always available for consultation so that 
decisions will be the result of complete understanding 
of all of the needs. For example, we may consider the 
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problem of writing specifications each year when the 
new crop flour becomes available. The mills quite 
generally strive to mill the new wheat so as to obtain 
flour having the characteristics which pleased the baker 
when he used the flour of the previous crop. However, 
it is frequently necessary for the bakery laboratory to 
require adjustments in maturing treatment, bleach, etc., 
to meet the special requirements of the production de- 
partment. To accomplish this purpose, the laboratory 
consults with the mill concerning these factors as well 
as concerning the maltose level, ash, etc., and finally 
by joint effort a specification is agreed upon which 
produces laboratory results satisfactory to the man re- 
sponsible for shop production. In this manner confi- 
dence is established in the minds of those who will be 
charged with product results. 

The purchasing department, having clear specifica- 
tions to work with, will maintain a steady flow of flour 
to the plant and if the flour remains constant in charac- 
ter all will be well. The laboratory has the responsibility 
of checking each shipment of flour to determine if it is 
up to standard in analytical character as well as in 
baking performance. Where the laboratory, mill, and 
production departments function properly the flour 
problem is a minor one; this applies to both cake and 
bread. 

When such careful control of ingredients is extended 
to the whole supply of materials, then one vital phase 
of control has been accomplished. There is left the 
problem of utilizing the ingredients to the best advan- 
tage. The chief of bread or cake production knows how 
to use his ingredients to the best purpose but to accom- 
plish sucessful usage depends upon the active participa- 
tion of supervisors, superintendents, foremen, and 
journeymen. Education, training, and careful super- 
vision at all stages are essential if the manufacture of a 
uniform product is to be achieved. This is the lubrica- 
tion for a smoothly functioning production line. In an 
operation that involves multiple units, there is a definite 
need for one or more production supervisors who are 
responsible for the guidance of the plant superintendents. 
Such men will serve to disseminate the instructions 
from headquarters and at the same time personally 
counsel the plant superintendents in means to accom- 
plish the genera! office instructions. Where personnel 
training is given plenty of attention, the road is clear 
for understanding to be transmitted all of the way down 
to the last man in the production line. 

A similar type of effort by the engineering depart- 
ment is essential if efficient machine operation is to be 
attained. Without trouble-free functioning of motors, 
ovens, wrapping machines, refrigeration equipment, 
etc., there is no possibility of successful product control. 

Assuming that we have facilities to govern the actual 
production, then we may consider some of the factors 
that are less obvious in the consideration of successful 
control of products. The purchasing department and 
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the laboratory carry considerable responsibility for the 
efficiency of production; these departments must work 
together closely if suitable materials are to be available 
at all times. Wrapping paper that is weak, is deficient 
in wax, or uneven in color may cause excessive process- 
ing waste; the wrong quality of ink may harm or ruin 
cake boxes or bun trays due to the odor of ink solvent 
being absorbed by the product. The best production 
effort is in vain, should the cards that the cakes stand 
upon be of such nature that sulphite or other objection- 
able odor is given off. 

To avoid interruptions in the steady production of 
products of standard quality and acceptability, it is 
essential that the laboratory and the supply department 
should determine sources that can control board or 
paper quality and then confine purchases to such ac- 
cepted sources. This is but an example out of a multi- 
tude of supplies that must be closely controlled. Some 
materials are more susceptible to variation in quality 
than others ; among such may be mentioned shortening, 
dairy products, flavoring materials, etc. They are less 
stable in keeping properties and vary to a greater extent 
than items such as sugar, salt, and the like. 

It is the responsibility of the laboratory to watch the 
quality of all ingredients that are supplied to the plants. 
Even slight variations from standard quality or charac- 
ter must be reported to the purchasing department as 
promptly as possible so that proper steps may be taken 
to correct the fault. At times a shipment is received 
that is so far off from standard that it must be refused 
but at other times it is possible that a minor deviation 
from specifications may be met by shop adjustment. In 
the latter case, the chief of production is advised of the 
identity of the shipment and he can authorize a com- 
pensating change in the shop routine. With this in- 
formation in the hands of the shop superintendent he 
can meet the situation with confidence and no variation 
in the quality of the baked products will occur. 

Lest one draw the conclusion that attention to in- 
gredients is the whole problem, we should point out that 
many incidental supplies have a very direct bearing on 
the smooth functioning of the bakery operation. For 
example, to insure the best operation of the divider, it 
is necessary to have a particular grade of divider oil: 
to avoid oven explosions the fuel oil must meet definite 
specifications. The label adhesive is subject to varia- 
tions which may cause labels to pop off when dry or 
make them curl up in such a way as to make the package 
unsightly. Each lot of adhesive should be tested. 

To meet the responsibilities of proper supervision of 
incoming supplies, the laboratory usually resorts to less 
than complete analysis of materials for control work. 
Specific gravity and flash point may be sufficient for 
fuel oil. Color and flavor will suffice for cocoa inspec- 
tion, and color and granulation will be satisfactory for 
sugar. On the other hand, flour, some types of shorten- 
ing, milk, syrups, ete., can only be tested for accepta- 
bility by means of the baking test in addition to certain 
chemical tests. 

Because the baking test is so vital in control work, it 
is essential that the laboratory personnel in a bakery 
should include the services of experienced and expert 
bakers. The baker must have facilities to bake with a 


precision that will yield identical results on a given flour 
at successive bakings. Such a baker must be able to 
interpret deviations in bread quality in terms of in- 
gredient deficiencies. A good operator will be able to 
translate the results of the baking test into shop practice, 
Working under conditions that permit him to consult 
with the production chief tends to keep the operator 
alert. The confidence of the production department in 
the laboratory is based on the reliability of the results 
which it receives. 

The well operated laboratory will in a sense actually 
“tailor” the supplies of ingredients in such a manner 
that the products of many suppliers will be almost 
identical in working character. When that is accom- 
plished, differing brands of milk, flour, cocoa, etc., will 
be available for selection by the purchasing department 
with the result that shop adjustments will not be called 
for. 

There is a phase of the problem of producing uniform 
products of high quality that bears heavily on the man- 
agement. I refer to the policy of providing equipment 
and facilities which assure superior products. If man- 
agement desires that the output be uniform in character, 
it must face the fact that no amount of planning, 
thought, or supervision will attain the objective if pans 
are misshapened or dented, if the divider is worn out, 
or proof boxes are inadequate or inefficient. Every poor 
piece of equipment from mixer to wrapping machine is 
a hazard to quality and uniformity. In a field that is as 
competitive as the baking business, obsolescence must 
be recognized promptly if quality is to remain com- 
petitive. 

Careful cost accounting contributes much to sound 
planning for replacement of equipment. It may be well 
to cite an example. Bread and cake pans have a life that 
is limited mostly by the handling which they get. In- 
efficient greasing equipment leads to dumping abuse 
and this results in cripples. Improper washing pro- 
cedure may remove tin and that induces rust. Both of 
these factors may cause high losses due to cripples. 
When the cause is determined, one finds that an ex- 
penditure may be justified for new greasing equipment 
or a new washer. The auditor will determine what the 
cost of cripples may be and balance such expense against 
the price of machine replacement and find that the pro- 
duction department is warranted in requesting new 
machines. This is but an example of how co-operation 
between departments makes possible an orderly super- 
vision at management level. 

I would like to turn now to another element of con- 
trol effort. This concerns the means which may be 
resorted to in order to evaluate the finished product. If 
one stops for a moment to think, he will realize that 
there must be some point in the general plan where 
achievement is measured against planned intent. In 
many cases the product control department is called 
upon to evaluate production results. This department 
must watch the production line to determine if all of the 
factors that denote quality are at par. In many cases in 
the baking industry, an independent institution is called 
upon to make this decision; in others the company 
product control unit is responsible. It is basically a 
process of appraising the various factors that contribute 
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to the perfect product. It is essentially a process of 
rendering a numerical score that will indicate how 
closely a sample approaches the ideal of the manage- 
ment. Such a scoring system, if accomplished with care- 
ful attention to detail and that detail expressed in the 
terms of the score, will serve to indicate the source or 
cause of the penalties. This is valuable in several ways; 
it will indicate to the chief of production what error of 
manufacture is present in the shop operation, or if the 
fault appears persistently in spite of efforts to correct it, 
then it may serve as evidence that a change is needed 
in equipment or personnel. 

When administrative officers, merchandising execu- 
tives, and production chiefs together make it a point 
to view the products regularly, the function of scoring 
is of great help in solving problems that cause less than 
good bread or cake. Such an arrangement is a potent 
factor in achieving a high degree of control. 

It may be well to point out that the usefulness of a 
scoring system is dependent upon the organization plan. 
The department that scores the efforts of other depart- 
ments must not be subject to the authority of any other 
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department that may be affected. A further comment is 
that the person doing the scoring should know the 
manufacturing process intimately for then his scoring 
comments may well serve to guide the man in charge of 
the plant operation in his efforts to correct the faults 
observed. 

In some organizations the product score is trans- 
mitted to all of the departments involved in production ; 
in other cases it goes to administrative officers only. It 
may be said that a scoring system that is detailed will 
generally be useful to manager and superintendent and 
will be advisory io the administrative head. 

Careful integration of the efforts of departments 
whose functions are dissimilar is essential to good con- 
trol of products quality. A meeting of minds at top 
levels of authority makes for consistent coordination of 
ideas, equipment, and personnel effort. Specialists of 
several kinds must work together with mutual under- 
standing of the main objective and in a cooperative 
effort to achieve the optimum in character and uni- 
formity of product. When good team work is attained 
then good results are to be predicted. 


Keeping Quality of Precooked Frozen Chicken a la King, 
a Bacteriological Evaluation of Hot and Cold Packs* 
PAUL P. LOGAN,” CHARLES H. HARP, W. FRANKLIN DOVE 4 


Ouartermaster Food and Container Institute for the Armed Forces, Chicago, Illinois 


(Manuscript received December 1, 1950). 


Data on the stability of precooked frozen chicken 
a la king, adequately processed and carefully handled, 
under both commercial and simulated military storage, 
are presented. The bacterial population, pH changes, 
and organoleptic qualities are reported at selected in- 
tervals on commercial-scale batches of the product pre- 
pared by the hot pack and the cold pack methods. Re- 
sults of this study show that the process of hot filling 
followed by quick freezing at 0° F. (—18° C.) assures 
a virtually sterile product after a storage period of 
two months, with no significant change in count during 
a year of storage. The cold-filled product was also 
shown to be highly satisfactory. However, a somewhat 
higher bacterial count, ascribed to post-contamination 
during handling prior to the quick-freeze processing 
indicated that sanitary handling and speed are essen- 
tial to manufacture of a wholesome product. Accep- 
tability of both products was initially high and re- 
mained substantially unchanged by a year of storage. 


Frozen foods which have such wide acceptance by 
the civilian consumer also have great appeal for military 
personnel both for domestic and overseas feeding. 
Frozen foods enhance the ration, reduce the time and 


*This paper reports research by the Quartermaster Food and 
Container Institute for the Armed Forces, and has been assigned 
number 311 in the series of papers approved for publication. 
The views or conclusions contained in this report are those of 
the authors. They are not to be construed as necessarily re- 
flecting the views or indorsement of the Department of Defense. 

* Present address: National Restaurant Association, Chicago, 
Illinois. 

* Present address: City of St. Louis Health Department. 

*Present address: 339 North Grove Street, Oak Park, 
Illinois. 


labor of food preparation at the point of consumption, 
conserve strategic metals, and save shipping space. 
Fresh frozen meats, fruits, and vegetables were success- 
fully used during wartime and great quantities were 
procured by the Armed Forces for both garrison and 
field rations. The successful use of fresh frozen products 
doubtless inspired interest in precooked, ready-to-serve 
foods, of which chicken a la king is a representative item. 

Experimental work on the freezing of precooked food 
was undertaken early in the war. By the end of the con- 
flict, one organization, the Naval Air Service, was 
being supplied with such products regularly. By 1945, 
the food processors were also evincing a strong interest 
in frozen precooked foods, and more than a hundred 
items were available on the civilian market. 

Little of this product was laboratory-controlled at the 
beginning of this industry, and bacteriological examina- 
tions and storage investigations were few and in- 
adequate. No data on bacterial growth, for example, 
had been assembled on the storage of frozen products. 
It is now recognized that the storage conditions then 
available for overseas shipments (both rail to shipside 
and aboard ship) were not suitable for products re- 
quiring temperatures in the range of 0° F. (—18° C.). 
Notably lacking were studies on the handling of frozen 
foods at interrupted points enroute. Reports during the 
war from one overseas station, where a substantial 
quantity of precooked frozen meals was stored, indi- 
cated high bacterial counts in many of these products. 
In some products the presence of Salmonella organisms 
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was also observed. (Overseas shipments frequently 
showed evidence of defrosting ; in fact, the records indi- 
cated that temperatures in the hold ranged at times up to 
32° F. (0° C.), manifestly too high for the safe-keeping 
of frozen foods. 

More data have become available since 1946, when 
this work, using chicken a la king as a test item, was 
started. Reports (7, 2, 3) directly pertinent to the 
bacteriological quality of precooked frozen foods, in- 
cluding chicken products in creamed sauces, have 
appeared. A survey of precooked frozen foods by 
Proctor and Phillips (7, 2) has indicated that plate 
counts for most samples of such products ran between 
10,000 and 50,000 per gram. Plate counts for chicken 
a la king averaged 46,000 per gram and chicken chow 
mein showed a count of 23,300. Tests by Gunderson 
and Rose (3) on commercially produced chicken chow 
mein stored for periods as long as five months showed 
plate counts between 20,000 and 25,000,000. All of 
these investigators stressed the need for adopting sani- 
tary production methods in order to market a_bac- 
teriologically acceptable product. 

The present study was initiated in order to obtain 
data on safety factors of precooked frozen foods and to 
determine the stability of such foods under both com- 
mercial and military storage. Data at selected intervals 
were collected on the bacterial population, pH changes, 
and organoleptic qualities of one product, chicken a la 
king, which was chosen, because of its suitability as a 
substrate for the growth of bacteria. 


EXPERIMENTAL 
Description of Chicken a la King Manufacture 

Commercial-scale batch operations were employed in this 
study, and precautionary sanitation measures were conducted 
under the supervision of bacteriologists. Since mechanical 
equipment was not yet installed for conveying, filling and 
packaging, these operations were carried on by hand. For the 
filling operation, hand ladles were used. 

Two intermediate products were necessary for the manufac- 
ture of chicken a la king, viz. (1) diced, cooked chicken meat, 
and (2) a white sauce containing green peppers, pimientos, 
seasoning agents, sautéed mushrooms, and chicken stock. Details 
of these preparations and of the two methods of mixing for 
packaging are given below. 

Chicken Meat. Grade A, New York-dressed chickens weigh- 
ing 5 to 6 pounds each and hard-chilled for 17 days after killing 
were used. Two days before cooking, the fowl were eviscerated 
and prepared for cooking and stored in a 40° F. (4° C.) re- 
frigerator. The fowl were cooked in salted boiling water. After 
being boned, the meat was cut into small slices and chunks. No 
skin, liver, gizzard or hearts were used. Two consecutive 
batches of cooked chicken were prepared and pooled. 

The cooking procedure for the first batch was as follows: 
One charge of 62 fow! and 30 gallons of salted water was intro- 
duced into a pre-sterilized steam-jacketed stainless steel kettle 
and brought to boiling in 37 minutes. The cooking was main- 
tained at the boiling point for 120 minutes after which the 
chickens were transferred one by one to stainless steel work 
tables where they were immeditely boned. After the boned 
chickens were hand sliced, the chunks were placed in stainless 
steel trays. The last fowl was removed from the kettle 90 
minutes after the boning operation started. The cut-up chicken 
meat, covered with sterile towels, was held in a refrigerator at 
46° F. (8° C.) while awaiting the completion of the white sauce. 

The second batch was cooked as follows: A second charge of 
42 birds and 20 gallons of salted water was started simul- 
taneously and was treated in a similar manner. For the some- 
what smaller charge, 25 minutes were required to bring the 
batch to cooking temperatures and after a 2-hour cook, the 


boning and cutting operation covered 55 minutes. The second 
batch of chopped chicken meat was refrigerated in the same 
manner as the first batch. 

White Sauce. The liquors in which the fowl! were cooked were 
concentrated by simmering, the volume thereby being reduced 
approximately 12 percent. This rich extract of soluble matter 
from the meat and bone was used as the chicken stock com. 
ponent of the white sauce. To prepare the white sauce, a roux 
of melted butter and flour was blended with a small portion of 
the chicken stock. In another vessel, stems and pieces of canned 
mushrooms were sautéed and added to the mixture. A further 
addition of pimientos, fresh green peppers, white pepper, salt 
and mace was made, and the entire mixture was cooked for 45 
minutes. To the remainder of the chicken stock, the concen. 
trated sauce was added and the melange was boiled for 15 min- 
utes to yield about 35 gallons of a white sauce. 

Blending and Packaging. Two variations in packing pro- 
cedures were studied: (1) a hot-filled product and (2) a cold- 
filled product. The hot white sauce was divided into two equal 
portions. One portion was reserved for the cold pack together 
with one-half of the chicken meat. The remaining chicken meat 
was reserved for the hot pack. The packaging material consisted 
of moisture-vapor barrier cellophane bags (450-MSAT-87) 
which could be sealed by a hot iron and outer cartons of blend- 
ing chipboard (0.023 inch thickness). The outer facings of the 
carton were manila lined and the inner facings were lined with 
a laminated parchment (0.0003 inch thickness). Details of the 
filling and packaging procedures follow. 

For the hot pack, the chopped chicken meat was thoroughly 
mixed with hot sauce in a stainless steel vessel and the mixture 
heated for 10 minutes at 212° F. (100° C.). For convenience 
in the filling operation, the heated batch of chicken a la king 
was dispensed from two 15-gallon aluminum pots which had 
been placed in the deep wells of a steam table. Two hundred 
l-pound packages of the product were filled by hand-ladling, 
The cellophane bags were then heat-sealed and each package 
was code-marked by hand. The entire operation required only 
33 minutes. At the filling point the product was maintained at 
a satisfactory temperature by the use of the steam table arrange- 
ment. The temperature of the first package at filling was 212° 
(100° C.) and that of the last (200th) package filled, 189° F. 
(87° C.). 

For the cold pack, the hot sauce (212° F.) was rapidly cooled 
to 55° F. (13° C.) and the chilled chicken meat was added. The 
cooling of the sauce was conducted in a pre-sterilized stainless 
steel cooling vat equipped with a jacket through which a cold 
brine solution (27° F.; —3° C.) circulated to effect the heat 
transfer. Agitation of the sauce, intermittently applied, in- 
creased the rate of cooling. A temperature of 55° F. (13°C) 
was reached in 135 minutes. Inspection of Table 1 will show 
that the temperature of optimum growth of all pathogenic 
organisms was passed with sufficient rapidity to prevent 
proliferation. 


TABLE 1 
Rate of Cooling of Sauce 
Time (minutes)... 0 15 30 45 60 75 90 195 120 135 
Temperature (° F.)......212 154 128 108 92 77 68 64 


The well-mixed cola blend of chicken a la king was packaged, 
sealed and coded by hand in the same manner as described for 
the hot pack. The temperature of the product as filled was 
55° F. (13° C.) or lower. Two-hundred 1-pound cartons were 
cold packed in 57 minutes. 

Plant Sanitation. The manufacturing conditions with respect 
to raw materials and ingredients, equipment, and working area 
were examined bacteriologically, and routine precautionary 
measures were established. 

The raw ingredients used were of top quality grades. The 
absence of thermophilic organisms was shown in the spices 
(white pepper, salt, and mace) and in the flour. The mush- 
rooms and the pimientos were canned products. Butter was 
salted, 93 score, extra fancy creamery grade. The water supply, 
sampled at the kitchen taps, was cultured and found to be free 
of coliform organisms. Swab samples of the entire inner surface 
of the cellophane bags used in packaging were cultured for 
molds, and for aerobic, anaerobic and thermophilic bacteria. 
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Although mold spores were found in these cultures, tests for 
the presence of bacteria proved entirely negative in all cello- 
phane bags tested. 

Bacterial counts of the air in the packaging room showed a 
yalue of only 6 to 13 colonies per plate. These tests, made 
throughout the packaging operations, were obtained by exposing 
qutrient agar plates to the atmosphere for a period of 5 minutes. 

Routine sanitary precautions were observed in the care of 
kitchen equipment. All stainless steel table tops used in boning 
and packaging were thoroughly washed with soap and hot 
water and were then sponged with a disinfecting solution. The 
ladles, knives, pans, trays and other utensils used in the prepara- 
tion of the finished product were steam-sterilized. Large vessels, 
such as the jacketed kettles and the refrigerating sauce vat, were 
pretreated with boiling water for 15 minutes. Swab samples of 
the cleansed surfaces of food equipment were cultured for 
gerobic organisms and coliform bacteria. These tests showed no 
coliform organisms and very low counts for aerobic bacteria. 


Laboratory Methods 


Selection of Samples for Analysis. From the production run 
of 200 coded cartons of chicken a la king (cold pack) and 200 
coded cartons of chicken a la king (hot pack), each twentieth 
package was removed before freezing for microbiological 
analysis in a Quartermaster mobile laboratory set up at the 
plant. The remaining cartons of both hot and cold pack runs 
were frozen at the plant, and after 36 hours of holding at 0° F. 
(—18° C.) a series of 10 representative * cartons was similarly 
analyzed in the mobile laboratory. 

The 360 cartons which had not yet been analyzed (180 cold 
pack and 180 hot pack) were thereupon shipped under dry ice 
refrigeration at temperatures lower than 0° F. (—18° C.) to the 
Quartermaster Food and Container Institute for further storage 
and analysis. Upon arrival at the Institute, 5 representative 
cartons from each of the hot and cold packs were examined for 
microbiological population. Another series of 4 representative 
cartons from each pack was examined organoleptically. The re- 
maining 340 cartons were immediately placed in 0° F. 
(—18° C.) storage rooms where they were held until with- 
drawn for subsequent analysis. Microbiological analysis was 
made on the contents of five cartons from each pack at intervals 
of approximately 30 days. Four cartons were withdrawn at 
the same intervals and submitted to organoleptic examination. 


Microbiological Evaluation 

Preparation of Samples for Culturing. Cartons were re- 
moved from 0° F. (—18°C.) storage to a 40°F. (4° C.) 
room equipped with a trip balance and a supply of prechilled, 
sterile, wide mouth, glass-stoppered sample bottles. All sampling 
was done aseptically with sterile cork borers. From several 
areas of the carton samples of the frozen product were obtained, 
an effort being made to secure a composite sample of meat and 
sauce. Fifty-gram portions were weighed directly into sample 
bottles. Each sample was transferred to a sterile aluminum 
Waring Blendor jar and blended with 450 ml. of sterile 0.1 
percent solution of sodium taurocholate. By this procedure a 
1:10 dilution was obtained. From this suspension, subequent 
decimal dilutions were prepared. 

Determination of Total Viable Organisms. Standard plate 
counts were made on Bacto tryptone glucose extract agar after 
*The term representative is used to mean that cartons were 
selected by code in accordance with the numerical order in which 
they were packaged. Thus, representive sampling insured that 
cartons from the beginning to the end of each run were selected 
as samples for each analysis. 

‘The chicken a la king formula consisted of approximately 
20 percent chicken meat and 80 percent white sauce. Preliminary 
experiments conducted on isolated portions of the product 
showed that roughly 70 percent of the total number of viable 
bacteria were found in the meat, 30 percent in the sauce. There- 
fore, it became evident that the proportion of chicken to sauce in 
the assayed sample would directly influence the total number of 
bacteria found. Care was accordingly taken to obtain samples 
which were reasonably similar in composition to the product 
as a whole. 


48 hours incubation at 98° F. (37° C.). Duplicate plates were 
prepared at each level of dilution using 1 ml. of inoculum per 
plate. Results of plate counts are expressed as the average for 
5 cartons, the value for each carton consisting of the average 
counts from at least 4 plates. 

Culture of Coliform Bacteria, Enteric Pathogens, and An- 
aerobic Organisms. Coliform organisms were cultured in Bril- 
liant Green Bile 2 percent Broth. Enteric pathogens were 
sought in Selenite Broth cultures. Tests for anaerobic or- 
ganisms were made in Liver Broth sealed with plain 2 percent 
agar. Portions of the 1:10 dilutions were used as inocula for 
each of the above examinations. 

The pH measurements were performed on the 1:10 dilutions 
using an electronic pH meter. 

Organoleptic Evaluation 

Acceptability was determined by a rating scale technique 
using a 10-point scale. On this scale, points 6-10 represented 
degrees of increasing acceptability, and points 1-5, degrees of 
non-acceptability varying from definite rejection to bare rejec- 
tion. The observers were a panel of from 24 to 35 persons 
randomly selected at each test period from among the personnel 
of the OMF&CL.* 

The packages of chicken a la king were removed from stor- 
age at 0° F. immediately before serving. The product was 
thawed and brought to a temperature of 180° F. (82° C.) over 
hot water in approximately 35 minutes. Coded samples, 0.5 
ounce in size, were presented to the observer in small dishes of 
a uniform white color. The hot and cold pack samples were 
always paired on presentation. At the beginning of the experi- 
ment the food was tested both as served plain and as served on 
toast. Later, since ratings were found to corgespond closely, 
the use of toast was discontinued. The results are reported for 
the first method only. 

RESULTS 


Survival of Bacteria in Precooked Frozen Chicken 
a la King at 0° F. (—18° C.) 

Standard plate counts were made at monthly intervals 
using the sampling and counting procedures described 
above. The data obtained are presented in Table 2 to 
illustrate the effect of storage at 0° F. (—18°C.) on 
the pH and numbers of viable organisms in hot and cold 
packed product during 1 year’s storage. 

Since less than one coliform organism per gram and 
no enteric pathogens were recovered from samples taken 
either before or after freezing, these analyses were dis- 
continued after the first month’s storage. Culturing of 
anaerobic organisms was continued throughout the 
storage period ; however, all tests were negative. 

It will be noted that the bacterial count of the hot- 
filled product is markedly lower than the cold-filled 
product prior to freezing. Inspection of the data shows 
that the process of hot filling followed by quick-freezing 
and 0° F. (—18° C.) storage for 2 months results in 
virtually a sterile product which is stable and substan- 
tially unchanged throughout one year of storage at 0° F. 
Although the cold-filled product showed a count of 
22,000 per gram before freezing, over 60 percent of the 
bacteria were destroyed in the product 18 hours after 
subjection to the freezing process. Approximately one 
month later the bacterial population had been reduced 
to 14-15 percent of the initial load and thereafter little 
or no change occurred in the count during the remainder 
of the year at 0° F. storage. No significant changes in 
pH were encountered in this study. 

* All observers had previously participated in food acceptance 
tests and were familiar with the rating scale, but none had had 
any particular training in judging chicken a la king. Therefore, 
they should be considered as a consumer preference group. 
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TABLE 2 


Acceptability Rating and Survival of Bacteria in Precooked Frozen 
Chichen « a la a King Stored at 0° P. for One Your 


‘Hot “fll Cold fill 
Storage Time Plate Plate 
at 0° F., Count pees Count | Accepta- 
Days Per | pH | bility Per | pH | bility 
Gram, | | rating Gram, rating 
Average | Average 
0 (prior to | | 
) 39 6.1 22,000 6.1 
8,700 | 6.2 
a 4 6.1 8.5 5,900 | 6.1 8.7 
16 17 | 6.4 | 9.1 3,200 | 6.3 8.6 
77... S14 8.7 3,800 | 6.2 8.6 
97 2 43 | BS 3,500 | 6.3 8.3 
134 2,000 | 6.3 8.7 
160 4 | 63 | 8&3 2,600 | 6.3 8.4 
197 1 | 63 | 8.6 4,700 | 6.3 8.5 
229 | 1 | 64 | 83 4,800 | 6.3 8.5 
287... 4 | 62 | 8&2 3,500 | 6.3 8.3 
290 | 5 | 6.3 8.6 3,800 6.4 8.3 
313 ‘ees tie | 8.2 3,400 | 6.4 | 8.0 
340 BS 2,400 | 6.2 8.0 
376 4,800 | 63 |. 8&7 


| 
| 
| 
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Prior to any storage, an initial organoleptic test, in 
which 161 observers participated, indicated a high level 
of acceptability for the product. The mean rating on 
the 10-point scale was 8.6, and the modal rating was 9.0. 
Only 2 observers rated the product as low as 5.0. A 
rating of 8.6 on this scale indicates acceptability for the 
product comparable to that of such highly preferred 
foods as ice cream, beef steak, and strawberries. 

Acceptability tests were run each time when samples 
were removed from 0° F. (—18° C.) storage. Since 
the results were completely uniform, they are not pre- 
sented in detail here. Mean ratings, derived from the 
responses of from 24 to 35 observers, varied only within 
the small range of from 8.0 to 9.1. No rating was 
significantly different from the initial 8.6 rating. 
Analysis of the observers’ comments showed that they 
noted a difference in appearance and consistency be- 
tween the hot and cold pack samples which appeared 
equally as often at all storage periods. The hot pack 
samples occasioned a significant number of criticisms 
for shredded and broken pieces of chicken and for thick 
or “pasty” sauce. It is evident that the difference had 
but little effect on rating by the absolute judgment 
technique used here. It is possible, however, that in a 
choice situation the cold pack would be selected a good 
deal more frequently than the hot pack. 


The Bacterial Flora of Precooked Frozen Chicken a la King 

After 10 months’ storage at 0° F. (—18° C.), the 
number of surviving organisms in precooked frozen 
chicken a la king appeared to have levelled off. An 
examination of 5 cartons of each pack was made at that 
time to obtain a cross section of the bacterial flora. 
From each package one typical TGE plate, previously 
used for the bacterial count, was selected. From each 
selected plate, attempts were made to isolate every 
colony. Over 90 percent of the colonies were success- 
fully isolated and purified by replating several times 
prior to identification and classification. Morphological 
and physiological characteristics of the isolates were 
determined according to Bergey’s “Manual of Determi- 
native Bacteriology” (5th Edition). 

All of the surviving organisms isolated and identified 
from the frozen precooked chicken a la king (10 months 


old) were members of the family Micrococcaceae. These 
included 21 cultures from the hot-pack and 405 cultures 
from the cold-filled product. The species which were 
identified are shown in Table 3. 


TABLE 3 


Microflora of Precooked Frozen Chicken a la King, Isolated After 
10 Months’ Storage at 0° F.» 


Genus Species 

Micrococcus candicans flavus saccatus* 
caseolyticus freudenretchit sensibilis 
cereus luteus subcitreus* 
chersonesia mucofaciens subflavescens 
conglomeratus nitrificans subflavus*® 
eatonis percitreus varians 
epidermidis perflavus* viscosus 

Staphylococcus albus," aureus, citreus,” muscae," pharyngis 

Sarcina citrea, flava, lactea,* ventriculi* 

Gaffkya tardissimi,* verneti* 


» The * refers to organisms found in hot- filled product. The evgnaiene 
were capable of surviving the pre-fill heat treatment. 


The most frequently occurring genus isolated (5] 
percent) from the cold pack was Micrococcus; included 
were 21 species of this genus. The genus Staphylococcus 
was represented by 5 species (24 percent). Four species 
of Sarcina (17 percent) and two of Gaffkya (8 percent) 
were isolated. 


Effect of Fluctuating Temperature of Storage on 
Precooked Frozen Chicken a la King 

In order to simulate temperature conditions which 
might normally occur during long transit of frozen 
foods in refrigerator cars or cargo ships, a test was con- 
ducted to collect data on the changes in the bacterial 
population and the acceptability of the product in rela- 
tion to the temperature fluctuations within the range, 
20° to 30° F. (—6.7° to —1° C.), specified above. 

Five cartons each, of the hot- and cold-packed chicken 
a la king were withdrawn from the 0° F. (—18° C.) 
room after 36 days’ storage and placed in a thermo- 
statically controlled variable temperature chamber. The 
controls were adjusted to cycle the temperature from 
20° F. (—6.7° C.) to 30° F. (—1° C.) and then back 
to 20° F., the cycle requiring a five day period to com- 
plete. After three cycles had been concluded, the car- 
tons were returned to 0° F. (—18° C.) storage for five 
additional days. 

Initial bacterial counts were made on separate sets of 
5 cartons withdrawn from the 0° F. (—18° C.) room 
simultaneously with those packages placed in_ the 
variable temperature cabinet. At the completion of the 
15-day cycling period, and again after five days at 0° F., 
bacterial counts were made on samples taken from the 
temperature-cycled packages. 

Organoleptic tests conducted in this study, and in 
those described below, showed that none of the various 
temperature conditions employed had any appreciable 
effect on the flavor or acceptability of the products. 

From the data shown in Table 4 it may be seen that 
no significant population changes occurred in the 
product contained in hot-filled packages either during 
the temperature fluctuation period or as a result of the 
refreezing treatment. The cold-filled product showed 4 
significant decrease in count after the cycling interval 
but no further change in count upon refreezing. 
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TABLE 4 


Survival of Bacteria and Acceptability Rating for Precooked Frozen 
Chicken a la King Under Conditions of Fluctuating 
Storage Temperatures 


Hot fill Cold fill 
. Plate | Plate 
Time of Sampling count, | Accepta- | count, Accepta- 
average, bility average, bility 
per gram per gram 
Initial (0° F.) 17 8.7 3,200 8.6 
After 15 days at cycling 
temperatures (20° F.-30° F.) 6 8.2 1,700 8.6 
Final, after 5 days of 
refreezing at 0° F............. ne 10 8.2 1,800 8.7 


Effect of Thawing and Refreezing on Precooked 
Frozen Chicken a la King 


To learn the effects of thawing and refreezing of 
frozen foods in transit to a restaurant kitchen, a 
garrison kitchen, or to a military force in the field, an 
experiment designed to measure changes in bacterial 
population and food acceptance occurring under such 
conditions was initiated. As a refrigerator temperature 
typical of thawing, 40° F. (4° C.) was selected. For 
the subsequent refreezing temperature 0° F. (—18° C.) 
was chosen. The experiment was conducted as follows: 
Cartons from each type of pack were withdrawn from 
0° F. storage after 4 months and were placed in a 40° F. 
refrigerator. After 72 hours of holding at 40° F., the 
packages were returned to the 0° F. storage for 24 
hours of refreezing. Samples, taken at each stage, were 
examined bacteriologically and organoleptically. The 
microbial population data are presented in Table 5. 


TABLE 5 


Effect of Thawing and Refreezing on the Number of Viable Organisms 
In Precooked Frozen Chicken a la King and Upon Acceptability 


Hot fill Cold fill 
Plate Plate 
Time of Sampling count, Accepta- | count, Accepta- 
average, bility | average, bility 
per gram per gram 
Initial (0° F.)......... 3 8.6 6,800 8.7 
After thawing for 72 hours 3 7,600 
Final, after refreezing at 
0° F., 24 hours 2 8.3 4,000 8.7 


Effect of Thawing Precooked Frozen Chicken a la King 
at 70° F. for 24 Hours and Refreezing 


In this experiment conditions which might occur in 
the event refrigeration equipment failed to operate were 
simulated. When mechanical breakdowns happen, they 
may remain unrepaired or undiscovered for a sufficient 
length of time to permit frozen foods to thaw com- 
pletely. Cartons of precooked frozen chicken a la king, 
previously held at 0° F. (—18° C.) for 8 months, were 
allowed to stand at 70° F. (21° C.) for 24 hours, and 
were then returned to 0° F. storage in order to refreeze 
the products. Samples were taken for bacteriological 
examination before and after thawing and 24 hours 
after refreezing. 

Bacterial counts shown in Table 6 indicate a marked 
increase in the case of the cold fill cartons which were 
held at 70° F. (21° C.) for 24 hours. The refreezing 
treatment reduced their count only slightly in 24 hours. 
No significant change in bacterial count occurred in the 
hot filled product either after thawing or after refreezing. 
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TABLE 6 


Acceptability and Growth of Bacteria in Precooked Frozen Chicken 
a la King Upon Thawing at 70° F. and 24 Hours of Refreesing 


Hot fill 


Cold fill 
Ties of Semel Plate | | Plate 
ime OF Sampling count, | Accepta-| count, | Accepta- 

average, | bility | average, bility 
per gram | per gram 

Initial (0° F.)...... ' 6 8.3 | 2,700 8.0 

After thawing (70° F.) , 8 13,000 ae 

Refreezing (0° F. for 24 hours) 7 8.6 | 10,500 8.2 

DISCUSSION 


The various experiments demonstrate that a good 
product can be made by exercising sanitary measures 
somewhat more strict than those currently in use within 
the frozen food industry. From this investigation it is 
apparent that low counts can be expected if high quality 
raw materials are used, if plant sanitation is scrupu- 
lously enforced, and if storage conditions are adequately 
controlled. It should be emphasized that withput 
materially adding to the cost, the product used in this 
experiment was adequately processed and was there- 
after carefully handled to preclude recontamination. 
Worthy of mention also is the fact that the extra amount 
of heating given the hot pack accounted for further 
destruction of bacteria. In fact, the product was vir- 
tually sterile. The higher count observed in the cold- 
filled product would appear to indicate either that the 
organisms multiplied during the holding period at low 
temperatures or that recontamination took place prior 
to filling. In both types of pack, however, the count was 
significantly below that reported by other workers using 
similar commercial products obtained from food retail 
stores (1, 2, 3). From this investigation it is also 
apparent that precooked chicken a la king stored under 
a variety of adverse temperature conditions will main- 
tain its keeping qualities if the initial bacterial count is 
low. 

SUMMARY 

Bacteriological study of precooked frozen chicken 
a la king demonstrated that a final product of high 
acceptability and very low bacterial count can be manu- 
factured when good sanitary practices are observed. 
Comparison of two methods of packaging showed that 
a substantially sterile product resulted from “hot filling” 
at 189° F. (87° C.)-212° F. (100° C.), while standard 
plate counts of 4,000-6,000 per gram were obtained 
from “cold filling” at 55° F. (13° C.) or below. 

3oth types of pack stored for one year at 0° F. 
(—18° C.), showed little or no decrease in bacterial 
count after the second month of storage. High accepta- 
bility ratings were maintained throughout the storage 
at O° F. The surviving microflora after 10 months’ 
storage at O° F. were identified as members of the 
genera Micrococcus, Staphylococcus, Sarcina and 
Gaff kya. 

A storage test at fluctuating temperatures between 
20° F. (—6.7° C.) and 30° F. (—1°C.) for 15 days, 
simulating transportation conditions, indicated a signifi- 
cant decrease in bacteria! population which was not 
further reduced by subsequent refreezing at 0° F. 
(—18° C.). Thawing at 40° F. (4.4°C.) for 3 days 
produced only a slight increase in bacterial numbers ; 
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however, a net decrease resulted from subsequent re- 
freezing at O° F. (—18° C.). 

When the frozen product was allowed to thaw com- 
pletely at 70° F. (21° C.) for one day, the bacterial 
population increased markedly ; it was not significantly 
decreased by subsequent refreezing at 0° F. (—18° C.). 
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Effect of Enzyme Inactivation on Quality Retention in 
Frozen Brussels Sprouts 


F. E. LINDQUIST, W. C. DIETRICH, M. P. MASURE, anno MILDRED M. BOGGS 
Western Regional Research Laboratory," Albany, California 


Data are presented which indicate that blanching 
to catalase inactivation is not sufficient for quality 
retention in frozen Brussels sprouts. Peroxidase ac- 
tivity serves as a satisfactory index for adequacy of 
blanch for this commodity. Samples containing active 
peroxidase (catalase inactivated) were compared with 
peroxidase-negative samples after storage at —23° C. 
(—10° F.) for 10 months. The former showed the 
following changes: (a) marked development of off- 
flavor, (b) decrease in natural flavor, and (c) devel- 
opment of pink coloration at centers. The pink centers 
appear within a short time after processing. 


The present data are part of a general study at this 
Laboratory, concerned with relation of degree of enzyme 
inactivation to quality retention in frozen vegetables. 

It is well established that certain enzymes or enzyme 
systems must be inactivated or partially inactivated if 
vegetables are to retain quality during freezing storage. 
Such inactivation is accomplished by blanching (scald- 
ing). Since the enzyme systems directly responsible for 
quality deterioration in raw or underblanched vege- 
tables during freezing storage are as yet unknown, cer- 
tain enzymes, such as peroxidase and catalase, have been 
used as test substances to determine adequacy of blanch- 
ing in vegetables to be preserved by freezing. 

Joslyn (2) has stated that, in general, vegetables 
blanched sufficiently to inactivate catalase and peroxi- 
dase will not develop off-flavors in freezing storage. 
Peroxidase, being more heat-stable, would seem to be 
the more desirable as an index of adequacy. This has 
been borne out for peas and spinach by the work of 
Arighi, Joslyn, and Marsh (7), who found that catalase 
was quantitatively inactivated at a much faster rate than 
the enzymes concerned in the production of off-flavor. 
Unpublished results obtained in this laboratory have 
indicated that peas blanched to a degree sufficient to 
inactivate catalase (peroxidase only partially inacti- 
vated) were inferior in flavor after two months of stor- 
age at —23°C. (—10° F.) to peas in which both 
enzymes had been inactivated. 

It is conceivable, however, that the relative stability 


* Bureau of Agricultural and Industrial Chemistry, Agricul- 
tural Research Administration, U. S. Department of Agriculture. 


of the two enzymes to heat may be different in other 
commodities and that the same enzyme may not be the 
best test substance for all products. Indeed, unpublished 
data obtained in this Laboratory indicate that in lima 
beans, catalase, or a system with similar activity, is some- 
what more heat stable than peroxidase. 

Quantitative data directly comparing heat stabilities 
of the two test enzymes are lacking for most commodi- 
ties commonly frozen. The purpose of the present work 
is to make such a comparison and to determine the effect 
of varying degrees of blanching on the quality of frozen 


Brussels sprouts. 
PROCEDURES 

The raw material used was obtained January 15, 1949, from 
the Half Moon Bay area in California which is located about 25 
miles south of San Francisco. When received, about three 
hours after picking, the sprouts were still quite cool. Although 
the temperature was not taken, it can be safely estimated as 
being under 7° C. (45° F.) because of the unusually low pre- 
vailing temperature. 

The crates were top-iced and transported quickly to the 
laboratory, where they were placed in storage at 0.6° C. (33° F.) 
over night. On the following morning, the sprouts were 
trimmed and adjusted to constant temperature by immersion 
for a pre-determined time in a large vat of water, constantly 
agitated by several streams of air. After temperature adjust- 
ment, they were placed on stainless-steel mesh trays at a load- 
ing rate of 1.33 pounds per square foot and blanched in a draper- 
type belt steam blancher for varying periods at 100°C. 
(212° F.). The blanched material was cooled by a fog spray 
drawn through the trays by means of a suction fan. The trays 
were drained and the sprouts were packaged in 450 MSAT 
cellophane bags, placed on trays, frozen in an air-blast at 
—23° C. (—10° F.) and then stored at this temperature. 

In this series, samples were blanched 2, 3, 4, 5, 6, 8, and 10 
minutes. Peroxidase was determined both by the semi-quantita- 
tive and quantitative tests as described by Masure and Camp- 
bell (4, 5). Catalase was likewise determined both qualitatively 
and quantitatively. The qualitative test was suggested by H. J. 
Morris of this Laboratory. Several halves of the larger and 
firmer sprouts from each blanch lot were chopped very finely 
and well mixed. A 5 gram sample of this material was placed 
in a large test tube and 20 ml. of distilled water were added. 
Care was taken to exclude air bubbles. Two drops of 30 percent 
hydrogen peroxide were then added and the contents were 
mixed with as little agitation as possible. The continuous evolu- 
tion of bubbles of gas from the surface of the sprout particles 
was taken as evidence of catalase in the sample under considera- 
tion. For the quantitative estimation, the method of Line- 
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weaver and Morris (3) was used. The results of the enzyme 
assays at the time the samples were processed and at the time of 
appraisal are given in Table 1. 


TABLE 1 


Enzyme Assays Before and After Frozen Storage of Brussels Sprouts 


Peroxida se, D/M Unit 


Catalase, Kto 


Blanching 

; 00° C. | After10 | After 10 

Min. months’ | months’ 

lanching | storage nching | storage 

0 (control) 1770 (+)" 1950 0.148 (+)" 0.033 

5) 600 (+) 460 | 0.019 (4+) | 0.0 
210 (+) 150 | 0.003 (+) | 0.0 
es (—) 0.7 0.0 (—) | 0.9 
P 0 0.0 | 0.0 | 0.0 


> Results of semi-quantitative adequacy of blanch test (4) which were 
run at the time of processing only; the sign + indicates inadequate blanch, 
the sign —- adequate blanch. 


Examination of the data indicates that, under the conditions 
of the experiment, the heat stability of catalase is less than that 
of peroxidase. Likewise, it will be noted that catalase activity 
in these samples disappeared as they were held in freezing 
storage. Thus, at the end of 10 months at —23° C. (—10° F.), 
none of the blanched samples was found to contain active cata- 
lase, although one sample contained about 13 percent residual 
active enzyme immediately after processing. 

Appraisal of Samples. Samples were prepared for appraisal 
by steaming sufficiently so that total steaming time (blanching 
plus preparation for tasting) was 17 minutes. For example, the 
sample blanched 2 minutes was steamed for 15 minutes while 
that blanched 10 minutes was steamed for 7 minutes, etc. Thus 
all samples were cooked to approximately the same degrec. 

Appraisal was carried out after 10 months of storage at 
—23° C. (—10° F.) by a panel of 8 to 10 judges. Each sample 
presented was made up of a quarter sprout from each of 4 heads 
from the same blanching lot. The judges were asked to score 
natural flavor, off-flavor, and color of the centers. Green to 
yellow inner leaves were considered normal. Any pinkish cast in 
the centers was considered abnormal and resulted in lower 
grades. Scoring was done on a numerical scale of 1 to 7, the top 
score indicating highest quality. 

Seven samples were judged. Since it has been felt that such 
a large number of samples cannot be judged satisfactorily at one 
sitting, the samples were divided into two groups, five in one and 
four in the other. Each group contained two samples in com- 
mon, those blanched 5 and 8 minutes. Each group of samples 
was scored four times. Average scores for all judges on each 
day were used in the analysis of variance. The data are shown 
in Table 2. 

TABLE 2 
Catalase and Peroxidase Activities and Quality of Frozen 
Brussels Sprouts 
Appraisal After 10 Months’ Storage at —23° C. (—10° F.). 


Enzyme Content of 
. Averaged Judges’ Scores 4 


Blanching | Samples ¢ 
ime, - 
Min. | Peroxidase Catalase | Natural " | Color of 
D/M Units | <fo Flavor Off-Flavor | Centers 
0 1950 | 0.033 1.3 mr. 1.7 
2 460 i) 2.4 2.8 2.6 
5 0 0 5.8 6.6 6.6 
0 5.8 6.5 6.1 
10 0 0 5.4 1 6.0 
Least Difference Between Scores 
for P = 0.01 0.9 0.7 0.7 
3 150 | 0 3.7 3.9 3.6 
t 0.7 0 6.0 6.5 6.3 
5 0 0 5.2 6.2 6.0 
0 5.7 6.6 6.2 
Least Difference Between Scores 
for P = 0.01 0.7 0.6 0.9 


* Assay at time of appraisal of samples. 

*A score of 7 indicates good natural flavor, no off-flavor, and natural 
greenish to yellow colored centers. 

*If differences between averaged judges’ scores are as large as, or 
larger than, the value listed, there is only one chance in a hundred that 
the results obtained are in error. Since this is a much more stringent 
Statistical criterion than is usually used in biometrics, the reliability of 
differences is thereby increased. 


DISCUSSION AND CONCLUSIONS 


The results of the appraisal of both groups of samples 
indicate clearly that samples in which peroxidase had 
been inactivated maintained quality over the ten-month 
period. On the other hand, those which contained 
residual peroxidase had a marked off-flavor, had de- 
creased in natural flavor, and had developed an ab- 
normal pink coloration at the centers. In view of these 
findings it is evident that semi-quantitative and quanti- 
tative tests for peroxidase, as described by Masure and 
Campbell (4, 5), serve as a satisfactory index for 
adequacy of blanching for frozen Brussels sprouts. 

Catalase is not suitable for this purpose, as evidenced 
by data for the sample blanched 3 minutes. This par- 
ticular sample was graded down very significantly by 
the panel in all factors considered. Yet at the time of 
processing it showed only a trace of catalase, while 
after 10 months’ storage no catalase could be detected. 

The pinkish discoloration of most of the under- 
blanched sprouts is worthy of further discussion. The 
extent to which it occurred was, as might be expected, 
dependent on the time of blanching. As time was in- 
creased and more time allowed for penetration of heat 
into the center of the sprouts, the colored area became 
smaller and concentrated more toward the center of 
pieces. 

The samples used were not examined for pink centers 
at the time of processing; however, in a subsequent 
series, the discoloration was found to have developed 
in under-blanched frozen sprouts by the day after 
processing. Hence, the development seems almost im- 
mediate. This latter series is now being studied to deter- 
mine the effect of time of storage on off-flavor develop- 
ment. It suffices to say here that in this series off-flavor 
was present in samples with pink centers in less than 
one month of storage at —23° C, (—10° F.). 

Thus the appearance of pink centers in frozen Brus- 
sels sprouts seems to be a definite indication of under- 
blanching. The close correlation between development 
of off-flavor and pink discoloration would indicate that 
any frozen samples that exhibit this coler abnormality 
are likely to be inferior in quality. 

The data presented in the tables were obtained with 
a single lot of raw material. However, subsequent work 
which is still in progress at this Laboratory substantiate 
the results and cocclusions. 
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Influence of Variations in Technique and Environment on 
the Determination of Consistency of Canned Sweet Corn *” 


R. G. TISCHER anv O. KEMPTHORNE 


Agricultural Experiment Station, lowa State College, Ames, lowa 


(Manuscript received October 16, 1950) 


Factors affecting the use of the Adams consistome- 
ter for cream-style corn have been investigated. Tem- 
perature of the corn, degree of consistency, time of 
spreading, angle and surface of the truncated cone all 
had highly significant effects. Rate of lifting and 
methods of washing were without effect. This study 
illustrates the “Analysis of Variance” method of ap- 
proaching a laboratory problem, where several factors 
can be studied at the same time. 


Publication by the Federal Security Agency of Defini- 
tions and Standards of Identity, Quality, and Fill of 
Container for Canned Corn (7) includes recommenda- 
tions for the determination of consistency as a factor of 
quality. 

The description of the apparatus to be used for these 
determinations agrees closely with that of the Adams 
consistometer. This equipment was designed and first 
described by Adams and Birdsall (3). The essential 
parts are a truncated conical container and a flat cir- 
cular plate marked with concentric circles one fourth 
inch apart and with four equally spaced quadrant lines. 
In operation, the hollow truncated cone is placed at the 
center of the plate and filled with the product being 
tested. The cone is removed and the radial spread of the 
product is measured at each quadrant line. Tests made 
with this apparatus indicated good agreement between 
objective and subjective determinations of consistency. 
A comparison of readings by two operators (3), pro- 
vided some proof that error from this source should be 
small. 

The Adams consistometer has been used to a limited 
extent in the corn canning industry. Recently the Na- 
tional Preservers Association has proposed the use of a 
similar apparatus for the determination of the con- 
sistency of preserves (2). With the promulgation of 
standards for canned corn by the Food and Drug 
Administration it is likely that the Adams consistometer 
(or similar devices) will come into increasing use both 
by canners and by regulatory agencies. As a result, it 
will be desirable to have available information concern- 
ing the factors which affect its performance. 

Previous workers (6, 8) have considered the effects 
of temperature, time, maturity, starch, sugar and mois- 
ture on the apparent consistency of canned corn. In 
the present work, a Stormer viscosimeter was used to 
determine consistency and very little attention was 
given to the effects of operational variables on the use 
of the instrument. The present study was made in an 
effort to define more clearly the effects of some of the 
variables believed to have a bearing on the operation 

“Work on this project was made possible through a grant 
from the Iowa-Nebraska Canners Association. 

* Journal Paper No. J-1848 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 1052 and 890. 


of the Adams apparatus. The seven variables con- 
sidered most important in the operation of this con- 
sistometer were (1) rate of lifting the truncated cone, 
(2) temperature of the corn, (3) consistency of the 
corn, (4) time allowed for spreading, (5) methods of 
cleaning the apparatus, (6) angle of the cone, and (7) 
surface of the cone exposed to the corn being tested. 

Each of the seven variables was applied at three levels 
(Table 1) in an effort to test the effect of each variable 
within the limits selected for the tests. 


TABLE 1 


Levels of Seven Variables Included in Fractionally Replicated Design 
for a Study of the Consistency of Canned Sweet Corn 


Levels applied 
0 1 2 
A Rate of lifting | Seconds | 0.34 | 10 | 3.0 
B Temperature of | Degrees F. 40 | 70 | 100 
corn | 
c Degrees of con- | Arbitrary | Thin Med. | Thick 
sistency | | 
D Time of spread- Seconds 10 | 20 30 
ing 
E | Methods of clean- | | Cold | Hot Hot water 
| ing | water | water plus 
| | detergent 
F | Angle of cone * | Degrees and | 2° 43” 5° 43” 8° 43” 
| minutes | 
G | Surface of cone * | Sq. cm. 200 250 300 


* Volume of all cones was 385 ml. 


The importance of rate of lifting derives from the 
fact that Adams consistometers are, in some cases, pro- 
vided with a strong spring lift and in others the lifting is 
done by hand. No account has been taken of the differ- 
ence between spring and hand lifts in this design but the 
three levels here used are taken to approximate a 
reasonable range of hand lifts. 

Temperature is known to have an effect on con- 
sistency and was included to discover the extent of 
interaction between these two variables. The degree of 
consistency was included as a variable to broaden the 
limits of the test and allow application of the results to 
cream style corn of any thickness. 

Since no evidence has been displayed to indicate that 
30 seconds is a unique observation time, 10, 20, and 30 
seconds were used in the observation of time of spread- 
ing to investigate the effects of these deviations on the 
operation of the apparatus. 

The method of cleaning was introduced because this 
may have an effect on the physical condition of the sur- 
face over which the corn spreads and may therefore 
influence the rate and extent of flow. 

Angle and surface of the cone were investigated to 
discover any trend toward a combination of physical 
attributes of the apparatus which might allow easier, 
quicker, or more accurate consistency determinations. 
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EXPERIMENTAL PROCEDURE 


Fifteen lots of canned corn were tested under similar condi- 
tions using the Adams consistometer to determine the con- 
sistency. From these lots, three were chosen to represent thin, 
medium and thick consistency in such fashion that no over- 
lapping occurred, and that the variation within each lot was 
small relative to the differences among the three levels of 
consistency. 

The rate of lifting of the truncated cones was actuated by a 
gear-head motor with a shaft speed of 30 r.p.m. A 3-step pulley 
and a spring-loaded clutch assembly were mounted on the motor 
shaft. The rotary motion of the pulley was used to lift the cone 
by connecting the two with a cord (Figure 1). The resulting 
rates of lifting were 0.34, 1.0 and 3.0 seconds required to lift the 
cones 5 inches from the plate. 


Fic. 1. The Adams consistometer equipped with automatic 


timing and lifting device. 


The clutch was used in conjunction with a limit switch wired 
in series with the motor switch to prevent damage to the 
apparatus due to coasting after completion of a 5-inch lift and 
to allow readjustment of the assembly for the next run. 


The temperature of the corn used in the tests was maintained ° 


within 1° C. (2° F.) of the desired levels by immersion in 
water baths. Frequent temperature measurements of the baths 
and the can contents established the low variability of tempera- 
tures during holding prior to the test. Each test was made 
immediately after removal of the sample from the water bath. 

The consistometer readings were observed after 30 seconds 
of spreading had elapsed. Readings at 10, 20, and 30 seconds 
were also recorded with a motion picture camera mounted above 
the consistometer. The floodlights and camera were mounted on 
the ceiling over the consistometer and focused to include all of 
the circular disk and an electric timer which measured seconds 
and tenths of a second. At 9, 19, and 29 seconds the camera 
and lights were operated simultaneously for approximately two 
seconds at each time to record both the time and the position of 
the flowing corn (Figure 2). Final measurements for the 
statistical analysis were made by projecting the film on a screen 
where accurate estimates of radial spread could be made in each 
quadrant. The measuring operation was made easier by stamp- 
ing quarter-inch numbers along the quadrant lines of the plate. 
These numbers were arranged to indicate diametric inches from 
the center of the plate. A part of the measurements were made 
independently by two operators to establish the fact that opera- 
tor variation was negligible (Table 2). The remaining measure- 
ments were made by one operator. 


Fic. 2. Film strip showing the appearance of the spreading 
corn on the Adams consistometer plate. 


TABLE 2 


Comparison of Two Operators in Determining Consistency on One 
Day's Run of Canned Sweet Corn. Analysis of Variance. 


s Degrees of Sum Mean 

source freedom squares square F 
26 1844.08 70.93 

Operators 1 0.80 0.80 1,194 
26 17.45 0.67 

Total...... 53 1862.33 


4 Nonsignificant. 


The three methods of cleaning were applied with the full 
realization that many other treatments exist. However, these 
are methods which might be commonly used in a control labora- 
tory and derive their importance mainly from this fact. 

The three characteristics of a truncated cone which might 
be expected to affect the operation of the Adams consistometer 
are the angle, surface area and volume of the cone. The con- 
stant volume of all the test cones was maintained to conform 
with that of the standard cone supplied with the apparatus 
which is of a convenient volume for routine use. 

Nine truncated cones of varying angle and surface were 
manufactured from stainless steel by forming on conical wooden 
mandrels. These cones were provided with mounting bars simi- 
lar to those of the standard cone and used to test the influence 
of angle and surface of the cone on the operation of the con- 
sistometer. At each angle three cones were prepared having 
surfaces of 200, 250 and 300 sq. cm. 


Experimental Design 


This study involved the determination of the effects singly 
and in combination of seven factors each at three levels. A 
single replicate of each of the treatment combinations would 
require 37 or 2,187 individual determinations, because the level 
of each factor to be used in an individual determination may be 
chosen in three ways independently of the choice of level for all 
the other factors. The amount of work involved in such a test 
was completely prohibitive and furthermore not entirely neces- 
sary. The number of treatment combinations which should be 
tested depends essentially on the magnitude of the interactions 
between the factors. The concept of interaction is illustrated by 
artificial data in Table 3. 

TABLE 3 


Artificial Consistometer Readings Showing Absence and Presence of 
Interaction Between Temperature of Measurement and 
Time of Observation 


No interaction 


Time of Observation 


(seconds) 
(° F.) 
10 30 
40 6 7 
100 x a 
Interaction 
Time of Observation 
Temperature (seconds) 
10 30 
40 6 6.5 
100 x 9.5 


Where no interaction is shown, the effect of changing the 
time of observation is the same for both temperatures, i.e., the 
difference between readings taken at the two temperatures is 2 
units when the observations are made at 10 seconds and 2 units 
when they are made at 30 seconds. Where interaction is shown, 
the change in time of observation depends on the temperature 
and the difference in readings for the two temperatures is 3 units 
at 10 seconds and 2 units when the readings are taken at 30 
seconds. 

If there are no interactions among the seven factors, each 
factor could be tested independently of the others, say 15 times 
for each level of each factor. In this way 45 determinations 
could be used for the estimation of the effect of each factor, 
and the total would be 45x7 or 315 determinations. Such an 
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investigation would not give any indication of whether there are 
interactions or not, because when one factor is varied the other 
six are kept constant. As an alternative, the assumptions may 
be made that interactions between two factors exist, but addi- 
tional interactions between three or more factors are negligible. 
This enables the use of a fractionally replicated design (4, 7) in 
which one-ninth of the 2,187 treatment combinations are tested, 
using only 243 determinations. This set of 243 treatment com- 
binations was chosen in a way which is based on the mathe- 
matical theory of the design of experiments. The 243 treatment 
combinations were divided into nine groups (designated as 
Day 1-9) consisting of 27 determinations each of which were 
tested on separate days. For a general discussion of the value of 
factorial experiments, the reader is referred to Fisher (5). 


RESULTS AND DISCUSSION 


The statistical procedure by which the experimental 
results are evaluated was that of the analysis of variance. 
The resulting analysis is shown in Table 4, except that 


TABLE 4 


Effects of Seven Variables on Consistency of Canned Sweet Corn 
Analysis of Variance 


Degrees Sumof | Mean 

Source of variation freedom | squares | equare | F 
Block 8 | 38.98) 
Error 136 | 
Treatments... 98 7,547.89 
A. Rate of lifting 2 6.33 sree — 
B. Temperature of corn 2 577.93 288.96 184.05** © 
C. Degrees of Consistency 2 | 6,688.31 | 3,344.16 | 2,130.04** 
D. Time of spreading 98.40 49.20 31.34°* 
E. Methods of cleaning. .. 2 1.05 | outs 
F. Angle of cone . 2 17.28 | 8.64 5.50°* 
G. Surface of cone 4 16.79 8.39 5.34°* 
Two-factor interactions 84 141.80 | 1.69 | 1.1 
BxC 4 20.23 | 5.06 | 3.22° 
ExG ud 13.38 | 3.34 2.13 
FxG 4 18.96 | 4.74 3.02* 
Total 242 7,800.33 | 


* The * denotes significance at the 5 percent level; the sign chad signié- 
cant at the | percent level. 


the sums of squares for non-significant two-factor inter- 
actions are not presented separately. The existence of 
effects or interactions is judged by the criterion of 
statistical significance. 

Table 6 indicates that temperature of corn, degree 
of consistency, time of spreading, angle of cone and 
surface of cone have highly significant effects on the 
consistency readings. Interaction between temperature 
and consistency and between angle and surface of cone 
were also shown to be significant. It should be noted 
however that the statistical significance of an effect is 
in no way related to the practical importance of the 
same effect. The experiment in fact achieved a very 
high degree of sensitivity because of the large number 
of observations. The practical implications of the 
demonstrated effects will be discussed below. 

Verification of the validity of the experimental design 
was achieved by obtaining an estimate of the error of 
repeated observations on the same lots of corn. This 
was found to be 1.46 which is very little different from 
the error variance of the experiment of 1.57. The 
similarity of these two error variances demonstrates 
that high order interactions are trivial and this was the 
basis of the fractional design. There was some evidence 
of a higher variance for the readings between cans on 
the material with thin consistency than on those with 
thick consistency. It was felt, however, that this could 


be ignored in applying the analysis of variance pro- 
cedure. 

The practical importance of the effects of the factors 
tested may be observed in Table 5 in which the mean 
readings of each of the factors is given for each level, 
For example the mean reading with 10 seconds allowed 
for spreading was 7.2, with 20 seconds 7.4, and with 
30 seconds 7.6. 


TABLE 5 


Estimates of Effects of the Seven Variables Tested on Determinations 
Made With the Adams Consistometer 


Rate of lifting level (sec.) 0.34 1.0 3.0 


mean reading (inches) | 7.4 7.5 7.4 
Temperature of corn level CBR> | @ 70 100 
mean reading (inches) 7.0 7.3 | 7.9 
Consistency level thin medium thick 
mean reading (inches) | 9.2 7.0 6.1 
Time of spreading level (sec.) 10 | 20 30 
mean reading (inches) 7.2 | 7.4 7.6 
Methods of cleaning level cold hot hot water 
water water plus 
detergent 
mean reading (inches) 7.4 7.4 7.4 
Angle of cone level (deg.) | 2° 43” 5° 43” 8° 43” 
mean reading (inches) 7.3 7.4 7.5 
Surface of cone level (sq. cm.) 200 250 300 
| mean reading (inches) | 7.5 7.4 7.3 


There was a consistent increase in readings with in- 
crease in time of spreading, so that in any routine use of 
the apparatus the time of spreading should be specified. 
For example, the use of 10 seconds rather than 30 
seconds will result in a lowering of the reading by 
approximately 0.4 inch. Variation of approximately 
0.2 inch due to rate of lifting, method of cleaning, angle 
of cone and surface of cone over the ranges investigated 
indicates that changes in these factors probably will 
produce little variation in the final readings. 

The effect of the temperature of the corn sample was 
very pronounced, in accordance with general knowledge, 
and account of this variable should be taken when one 
set of observations is compared with another. If read- 
ings at 70° F. (21° C.) are designated as the standard 
of comparison, readings taken at 40° F. (4° C.) should 
have 0.3 inch added, while readings taken at 100° F. 
(37° C.) should have 0.6 inch substracted in order to 
standardize them. 

The estimate of interaction of the factors of tempera- 
ture and consistency is shown in Table 6. Examination 
of the means does not indicate a strong trend and the 
interaction, while statistically significant, is of little 
importance practically. The interaction arises because 


TABLE 6 


Interaction of Temperature and Consistency in the Determination of 
Consistency in Canned Sweet Corn 


Differences in readings 
between pairs of obser- 


Temperature (F.) 


Consistency | | Mean | vation temperatures (° F.) 

, 40 70° 100° | 70-40 100-70 100-40 
Thin | 87 92 97 05 OS 10 
Medium 6.6 6.9 7.4 7.0 0.3 0.5 0.8 
Thick 5.7 5.8 6.7 6.1 0.1 0.9 1.0 
Mean 7.0 7.3 7.9 
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a change of temperature from 40° to 70° F. has little 
effect on thick corn and a comparatively large effect on 
thin corn. 

SUMMARY 

Use has been made of a fractionally replicated design 
to test the effects of seven variables on the operaticn of 
the Adams consistometer. 

Temperature of the corn, degree of consistency, time 
of spreading, angle and surface of the truncated cone, 
all had highly significant effects. Rate of lifting and the 
methods of washing employed were without effect. 

Significant first order interactions were noted be- 
tween temperature and consistency of the corn and 
between angle and surface of the cones. The inter- 
action between methods of cleaning and surface of the 
truncated cones approached significance at the five 
percent level. 

Comparisons among observations of consistency de- 
termined through use of the Adams _ consistometer 
should be made only after correction for differences in 
times of spreading and for the temperatures of the 
samples. 

The angle and surface of the truncated cones, rate of 
lifting and method of washing appear to be of very little 


practical importance in the operation of the instrument. 

The design used in the investigation provided a high 
degree of sensitivity for the determination of statistical 
significance. Considered from a practical point of view, 
however, only the temperature of the corn sample and 
the time of spreading produced effects of a magnitude 
likely to alter appreciably the estimated consistency of 
a sample. 


LITERATURE CITED 


1. Anonymous. Federal Register, 15, No. 70, 2060 (Apr. 1, 
1950). 

2. Anonymous. Testing consistency with a spreadmeter. Food 
Packer, 30 (12), 30 (1949). 

3. Apams, M. C., anno Birpsatt, E. L. New consistometer 
measures corn consistency. Food Inds., 18 (6), 78 (1946). 

4. Finney, D. J. The fractional replication of factorial arrange- 
ments. Ann. Eugen., Lond., 12, 291 (1945). 

. Fisner, R. A. Design of Experiments. Oliver and Boyd, 
Edinburgh, 4th ed. (1947). 

6. Getner, C. D. Some factors affecting consistency of canned 
corn. Canner, 68,17 (Jan. 19, 1929). 

. KemptHorne, O. A simple approach to confounding and 
fractional replication in factorial experiments. Bio- 
metrika, 34, 255 (1947). 

8. Meister, C. J. Variations in consistency of canned corn. 
Canner, 64, 19 (June 18, 1927). 


nm 


Manufacture of Concentrated Milk and Honey Products* 


G. P. WALTON, anp 


Eastern Regional 


)NATHAN W. WHITE, JR., 


Research Laboratory 


AND 


B. H. WEBB, C. F. HUFNAGEL, anno A. H. STEVENS, 


Bureau of Dairy Industry, Agricultural Research Administration, United States Department of Agriculture 


(Manuscript received December 30, 1950) 


Concentrated milk and honey products of good stor- 
age stability were prepared including honey-sweetened 
condensed milks, evaporated milk fortified with honey, 
and dried honey-skim milk with 40 percent honey sol- 
ids and 60 percent skim milk solids. Methods of man- 
ufacture and properties of the products are described. 


INTRODUCTION 


Milk and honey blend readily to form mixtures that 
appeal in flavor and palatability to many people. Mix- 
tures of milk and honey are high in energy value and 
there is evidence that the normal honey acids may exert 
a favorable effect on the digestibility of the milk, pro- 
teins (5, 7, 9). 

Schlutz and Knott (9) found honey to be of unusual 
value when used as the carbohydrate component of in- 
fant diets. Honey was among the best of the carbo- 


“A cooperative project between the Bureau of Agricultural 
and Industrial Chemistry and the Bureau of Dairy Industry, 
which was carried out in part with funds provided by the Re- 
search and Marketing Act of 1946. 

* Retired December 31, 1949. 

"One of the laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 
United States Department of Agriculture. 


hydrates with respect to the speed with which the sugars 
were assimilated, and it was the best carbohydrate with 
respect to the length of time a moderately high level of 
blood sugar was maintained. Also, the inclusion of 
honey in the diet was found “to have a definite bene- 
ficial influence upon the retention of calcium by young 
infants” (4). 

Because of the unique food value of both milk and 
honey, and also because both products are produced in 
surplus quantities at times, the cooperative experiments 
reported herein were undertaken to devise methods of 
preparing mixtures of milk and honey which would be 
suitable for use in the manufacture of other foods. 
Earlier studies (1) by the Bureau of Dairy Industry 
had shown the possibility of combining milk and honey 
in a number of products. Emphasis was placed on the 
preparation of concentrated milk and honey products, 
since such products would provide a means of intro- 
ducing the flavor and nutritive value of these in- 
gredients into other foods with a minimum of processing 
losses. 

As a result of these cooperative experiments, methods 
have been devised for preparing three types of concen- 
trated products from milk and honey: (1) honey- 
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sweetened condensed milk, (2) honey-evaporated milk, 
and (3) dried honey and milk mixtures. The manu- 
facturing work was carried out on a pilot plant scale 
using the experimental equipment available in the Dairy 
Products Research Laboratory of the Bureau of Dairy 
Industry. 

The sweetened condensed and evaporated mixtures, 
which are made with whole milk, are considered espe- 
cially useful in infant diets and in other special diets. 
The dried mixtures, which are made with skim milk, 
should be useful in food manufacture, especially to com- 
mercial and retail bakers, as a component of prepared 
dry mixes for baking, in fortified modified milk powders 
and concentrates, and in cocoa, beverage, dessert, and 
ice-cream mixes. It should also be useful in con- 


fectionery. 


EXPERIMENTAL METHODS AND RESULTS 


Honey-Sweetened Condensed Milk. Comparative batches of 
sweetened condensed milk were made with sugar and with honey 
as the preserving agents. Representative results are shown in 
Table 1. The honey-sweetened milks were high in honey flavor 
and, when proper manufacturing methods were used, the flavor 
was quite stable. 

Thickening to the point of gelation (about 600 poises) during 
storage is a common defect in sweetened condensed milk. When 
the product is prepared from milk that has developed some 
acidity, the tendency toward thickening is increased. Batches 
made with normal honey thickened rapidly, but when the acidity 
of the honey was partially neutralized (batches 2 and 4 of Table 
1) the tendency to thicken was greatly retarded. 

Neutralization of the honey was done carefully, since over- 
neutralization was detrimental to the honey flavor. Pure, finely 
powdered calcium carbonate and tri-sodium phosphate proved 
to be the best agents for partially neutralizing the active acidity 
of the honey. The honey was diluted to a 60-percent sirup, an 
aqueous mixture or solution of the neutralizing agent was added, 
and the honey was then pasteurized to destroy the enzymes that 
produce objectionable changes in condensed milk during storage. 

Since it is well known that dextrose in sweetened condensed 
milk promotes thickening, an abnormal increase in the viscosi- 
ties of the honey-sweetened samples was expected. The differ- 
ence in the viscosities developed by milks that contain honey 
and sugar is shown in Figure 1. 

Milk subjected to high-temperature short-time forewarming 
before it is concentrated produces a sweetened condensed milk 
of lower viscosity than when normal forewarming treatment at 
a temperature below 200° F. (93° C.) is used (15). In Table 1 
and Figure 1, comparison of the batches of milk forewarmed at 
180° and 240° F. (82° and 116° C.) shows that the higher tem- 
perature retarded thickening in both the control and honey- 
sweetened samples. 


FORE WARMED 


600 


400 


REGION OF 


viscosity 


VISCOSITY DETERMINED AT 86°F (POISES) 


° 40 60 120 160 200 240 260 320 
TIME OF STORAGE AT 86°F. (DAYS) 


Fic. 1. The effect of forewarming milk to 180° F. (No, } 
and No. 2) and to 240° F. (No. 3 and No. 4) upon the storage 
viscosity of sweetened condensed milks made with sugar (No, | 
and No. 3) and with honey (No. 2 and No. 4). 


Honey-sweetened condensed milk may be manufactured by 
adding 22% pounds of honey to 100 pounds of milk. The milk 
should be forewarmed at 240° F. (116° C.) for 30 seconds and 
drawn into the vacuum pan. The honey should be partially 
neutralized to pH 5.8 and pasteurized at 170° F. (77° C.) for 
20 minutes, then drawn into the vacuum pan following the milk. 
After concentration to about 72 percent solids (sugar ratio 
>60; see footnote ¢, Table 1), the product should be cooled 
and agitated to crystallize the lactose, using the normal treat- 
ment for sweetened condensed milk. Honey-sweetened con- 
densed milk should be packaged in airtight containers to retard 
mold growth. When it is held below 70° F. (21° C.) it will 
remain in satisfactory condition for 5 to 6 months. It should 
be emphasized that the viscosity of sweetened condensed milk 
increases logarithmically with increases in storage temperature 
and arithmetically with increases in storage time (16). 

Several batches of honey-sweetened condensed whey were 
manufactured by following a process described by Ramsdell and 
Webb (8) for sugar-sweetened condensed whey. Honey and 
whey were condensed together to produce a concentrated mix- 
ture containing 38.5 percent each of honey and whey solids. 
The reaction of the mixtures was about pH 5.36. Neutraliza- 
tion of the honey was not necessary. Concentrated honey-whey 
mixtures showed good storage stability, since they contained no 
casein. Casein is the milk constituent largely responsible for 
thickening of sweetened condensed milk. Honey-sweetened con- 
densed whey would be useful in food manufacture where con- 
centrated forms of whey and honey are needed. 

Honey-Evaporated Milk. Canned, evaporated milks, modi- 
fied for infant feeding by inclusion of various carbohydrates, 
have attained some commercial importance. 

The composition and characteristics of some evaporated milks 
made with various quantities of added honey are shown in Table 
2. The quantity of honey added to the milk had a marked effect 
on the viscosity of the milk after sterilization. Neutralization 


TABLE 1 


Characteristics of Sweetened Condensed Milks Made With Sugar and with Honey, When the Forewarming Temperature was 180° or 240° FA 


Storage time required to 


| Forewarming Composition of finished product Physical characteristics develop viscosity of 
| conditions 600 poises 
No. hydrate | Viscosity 
added Total | Honey Sugar _ | Refrac- 86° F 
emp Time solids | Fat sugars | Sucrose | ratio ¢ Reaction | tive after | 60° F.* | 70° F.t | 86°F. 
index | | day | 
°F. | % Ge pH Poises Days Deys Days 
1 Sugar 180 10 | see Tt 82s None 42.1 60.5 6.30 | 1.4623 83 265 131 44 
2 Honey 130 )6| «(10 71.1 | 12.4 39.8 None 57.9 6.00 | 1.4602 154 73 36 12 
3 Sugar 200 | #+OS | 9236 | 12.0 None 42.2 60.7 6.21 | 1.4636 17 1,200 610 196 
: 4 Honey 240 | 0.5 72.0 i 12.5 40.3 None 59.0 6.00 1.4623 17 465 232 76 ¥ 


a blend of 2 parts sweet clover and 1 part California white sage. The reaction of the honey was pH 3.8 and it contained the equivalent of 13.1 ml. of 
normal acid per kilogram. Before the honey was added to the forewarmed milk it was nearly neutralized by the addition in solution of 2.312 grams of 
NagPO, . 12 HeO per kilogram of honey. The honey was then pasteurized at 170° for 20 minutes. 


* Sugar ratio = —— x 100. Calculated values. 
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of the honey before it was added to the concentrated milk ap- 
peared to be unnecessary for the milks used in this experiment. 
Partial neutralization of the honey might be helpful in the case 
of milks of unusually low heat-stability. However, stabilization 
of milk samples 1-6 in Table 2, with the usual disodium phos- 
phate, was a more effective method of adjusting the heat stability 
than by neutralizing the honey. 

The storage stability of evaporated milks that contained 
honey was excellent, except for changes in color. The color of 
the samples that contained honey darkened more rapidly than 
did that of the controls. 

Since the proportion of honey to milk solids was much lower 
in the evaporated than in the sweetened condensed samples, 
there was less honey flavor in the evaporated milks. Some of 
the heat sensitive components of the honey flavor may have 
been lost in the sterilization treatment to which the evaporated 
milks were subjected. 

Viscosity of the milk and size of the fat globules largely de- 
termine the degree of separation that will occur in evaporated 
milks held in storage at constant temperature. Samples shown 
in Table 2 that contained honey were of a higher viscosity than 
the controls (no honey) and showed less fat separation during 
storage. Milks 5 and 6 (Table 2) containing the quantity of 
milk solids normal in evaporated milk plus 8 percent honey had 
a very heavy body and these were remarkably stable during 
storage. 

These experiments on honey-flavored evaporated milk sug- 
gest the possibility of preparing a sterile honey-flavored bever- 
age milk having somewhat lower milk solids content than 
evaporated milk. Such a product might be patterned after a 
recently described caramel-flavored sterilized milk which con- 
tained about 22 percent total solids (14). 


Dried Honey-Milk Mixtures 


Honey technologists have long recognized that a de- 
hydrated honey would be useful in food manufacure. A 
moisture-free honey is especially adapted to the prepa- 
ration of packaged dry mixes and to the production of 
confections. The heat treatment required to boil off un- 
desired water in candy manufacture is injurious to deli- 
cate honey flavors. The preparation of a satisfactory 
dried honey has thus far been found impossible because 
of the high levulose content of honey. Accordingly, part 
of the work of this project was directed toward produc- 
tion of a dried honey-milk mixture. Whole milk was 
used in some of the experiments and with it products 
of excellent flavor were produced. But the whole milk- 
honey mixtures have the same package requirements as 


dried whole milk. Gas packing is needed to retard rapid 
development of a tallowy flavor. Since food manufac- 
turers can find convenient sources of milk fat, emphasis 
was placed on the development of dried honey-skim 
milk mixtures. 


Different ratios of honey and skim milk were spray dried in 
a Gray-Jenson type unit having a 9-foot-diameter drying core. 
Results of some typical experiments are presented in Table 3. 
Optimum conditions were obtained when the honey-skim milk 
solids ratio was not greater than 40:60 and when the solids con- 
tent of the sprayed mixture did not exceed 40 percent. With the 
experimental drying equipment that was available, it was not 
possible to dry satisfactorily a mixture of equal parts of honey 
and skim milk solids. 


TABLE 3 


The Effect of Variations in the Solids Content of the Sprayed Mixture 
and the Temperature of the Drying Air Upon the Drying 
Properties of Honey-skim Milk Mixtures * 


Solids | 


| Solids | content Honey 


Drying air 
Sample | content of solids- temperatures Properties of 
No. | of skim | mixture | Skim milk en powder 
| milk | when solids | 
sprayed ratio 
| | 
1 | 28 41.9 50:50 260 86199 Candied mass, sticky 
50:50 29) | Burned, brown 
3 36 | 46.7 | 40:60 255 195 | Sticky, lumpy 
4 we 43.4 30:70 250 195 | Sticky, few lumps 
5 0) 34.5 20:80 65 190 Smooth, dry powder 
" 30 | 37.1 | 30:70 265 190 Smooth, dry powder 
7 30 | 40.4 40:60 265 190 Dry, slight caking 
8 24 35.1 40:60 250 190 | Smooth, dry, satis- 
| factory 
9 20 32.3 50:50 260 195 | Sticky, lumpy mass 


» The skim milk was forewarmed at 185° F. for 15 minutes before it 
was concentrated. The honey, which contained 16 percent moisture, was 
pasteurized at 160° for 10 minutes and then mixed with the concentrated 
skim milk. The honey-skim milk mixture was sprayed (at 135° F. and 
2,000 Ibs. pressure) through a 0.025-inch nozzle at the rate of about 600 
Ibs. per hour. 


A description of the method of spray drying the mixtures is 
given in a footnote to Table 3. The composition of three experi- 
mental powders is given in Table 4. The spray dried powders 
were highly hygroscopic because of the presence of lactose, dex- 
trose, and levulose in amorphous condition. A more stable 
powder could be produced, where facilities are available, by 
drying to about 12 percent moisture and passing the powder 
through a conditioning unit or rotary tunnel drier where most 
of the lactose could crystallize. Another possibility would be 


TABLE 2 


Characteristics of Evaporated Milks Made With and Without Honey *® 


Composition of finished product 


‘ Reaction . Heat 
ae of Total Milk “ Honey stability 
honey solids solids Fat solids at 
not fat 240° F 
1 26.0 18.0 8.0 0 23 
2 4.31 28.0 18.0 8.0 2 18 
3. 4.31 30.0 18.0 8.0 4 16 
4 4.31 32.9 18.0 8.0 6 14 
5 4.31 34.0 18.0 8.0 8 13 
6 5.35 34.0 18.0 8.0 x 14 
7 26.4 18.3 8.1 0 35 
8 3.66 32.0 16.6 7.4 x 33 
9 5.79 32.0 16.6 7.4 & 33 
10 4.31 32.0 16.6 7.4 8 33 
5.35 32.0 16.6 7.4 8 33 


11 


Physical characteristics of finished product 


—— 
Reaction 


Viscosity at 86° F. durin 

after storage at 86° F s Fat separation at 86° F. 
steriliza- 

tion 1 day 100 days 1 year 100 days 1 year 
pH c.p. c.p. 
6.08 33 15 41 | Moderate Heavy 
6.02 69 21 37 | Slight Moderate 
5.99 124 43 62 | None Light 
5.97 276 158 201 None Slight 
5.90 352 330 315 None None 
5.88 242 220 242 None None 
6.18 25 14 32 Slight Heavy 
6.09 49 37 45 Slight Light 
6.09 26 20 18 Slight Moderate 
6.03 33 34 45 Slight Light 
6.04 41 25 25 Slight Moderate 


® Samples 1-6 were prepared in April from the same milk and tupelo honey. Samples 7-11 were prepared in May from another milk. Samples 8 and 9 
contained fireweed honey, while samples 10 and 11 were made with the tupelo honey. The honeys used in samples 6, 9, 10, and 11 were neutralized to the 
indicated reaction. All honey samples were pasteurized and added to the milks after forewarming. Each batch of milk was forewarmed to 203° F. for 10 
minutes before concentration, homogenized at 2,500 pounds pressure after concentration, and sterilized in cans at 240° 15 minutes. Viscosities greater than 


100 ¢.p. indicate formation of a “liver” or gel structure during sterilization. 
Per 1,000 pounds of evaporated milk. 


Samples 1-6 were heat stabilized by the addition of 20 ounces of Na,HPO, 
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TABLE 4 


Composition of Spray-Dried Milk and Honey Powders 
(In Part Calculated) 


= From skim milk milk 
| Producti | Product Product 
% | % | % 
Moisture ... | 3.2 | 1.6 2.5 
Total solids.......... 96.8 98.4 | 97.5 
From honey 19.4 41.3 19.5 
From milk 77.4 57.1 78.0 
Butterfat 08 0.6 20.0 
Milk proteins... 28.6 21.3 21.4 
Sugars, total ais ‘ 60.3 | 68.8 50.4 
Lactose (milk sugar) 41.7 29.7 31.6 
Levulose............ 9.2 20.5 9.3 
Dextrose... 2.9 16.7 9.0 
Sucrose , 0.5 1.9 0.5 
Ash (mineral matter) 6.4! 4.7 5.0! 
Undetermined 0.7 3.0 0.7 
pH value, before drying 6.2 6.1 6.7 
Sweetening effect ! 31.0 55.0 29.0 


' Includes calcium carbonate added to the honey. 
1 Caleulated sweetening effect of the total sugars in terms of pounds of 
sucrose (ordinary sugar) per 100 pounds of product. 


to prepare a highly concentrated (about 60 percent total solids) 
honey-sweetened condensed skim milk, allow the lactose to 
crystallize, and then spray the mixture in a centrifugal spray 
unit. Furthermore, a powder with a higher ratio of honey to 
skim milk might be obtained by using one of the above modifi- 
cations. 


Table 5 shows the equilibrium moisture content at 
several relative humidities for a spray dried honey-skim 
milk of 42.5:57.5 honey solids-milk solids ratio, and 
0.96 percent moisture content as made. The data were 
determined by the static method used for dried skim 
milk by Supplee (7/7) and Henry, Kon, Lea, and White 
(3). Stokes and Robinson's data (10) were used to re- 
late relative humidity and sulfuric acid concentration. 
The equilibrium values in Table 5 are those at 68 days, 
at which time the rate of change averaged less than 0.02 
percent moisture per week. 

It appears from the data in Table 5 that the product 
is not quite as hygroscopic as dried skim milk at relative 
humidities below 30 percent, but at humidities above 
this value the honey-skim milk powder is more hygro- 
scopic. 

The maximum moisture contents and the equilibrium 
values are identical up to 30 percent R. H. (5.19 per- 


TABLE 5 


The Effect of Relative Humidity Upon Moisture Content of a 
Spray-Dried Honey-Skim Milk (Solids Ratio 
42.5 :57.5) at 25° 


Moisture content ! 


| 
Relative | Condition of 
humidity | Maximum Equilibrium | powder 
% % % 
6.0 | 1.02 1.02 | Free-flowing 
10.0 1.42 1.42 
18.0 2.16 2.16 
30.0 5.19 5.19 Caked 
39.5 7.50 6.48 “ 
$1.7 10.7 ™ 8.73 | 
71.1 | 15.07 
50.6" | | 


100.0 
* For comparison, the equilibrium values given for spray-dried skim 
milk by others are: Henry et al. (3); 41% RH-7.590 H,O; 299% RH-5.0% 
H,O; 17.5% RH-3.0% H,O. Tamsma (12): 50% RH-6.4% H,O; 40% 
RH-6.7% 30% RH-4.8% 20% RH-3.5% Davis (2): 
60% RH-8.25% H.O; 40% RH-7.10% H.O. For honey, Lothrop (6) 


reports: 70% RH-26.0% H.O; 60% RH-18.4% H.O; 50% RH-12.6% 
H.O; and 30% RH-8.02% H.O. 

' Caleulated on “‘as is” basis. 

™ Interpolated. 

® Discarded at 42 days, molded. 


cent H,O) ; above this point a decrease in moisture to 
equilibrium was noted after an initial rapid absorption 
as shown in the table. This was accompanied by caking 
of the powder, which is ascribed for dried skim milk by 
Troy and Sharp (13) to crystallization of lactose hy- 
drate. This “over-shooting” has been reported by many 
observers in the past. No such decrease in moisture 
content was noted for the 30 percent R. H. powder, 
although caking was evident. To insure satisfactory 
storage stability dried honey-skim milk should be made 
and held under such conditions that the moisture con- 
tent of the product does not exceed 3.5-4 percent. 

A new method for the preparation of a dry honey- 
skim milk mixture was developed as a result of the 
experimental work described above. The honey was 
mixed with spray dried skim milk that contained amor- 
phous lactose. The non-crystalline lactose as well as the 
uncrystallized dextrose in the honey, being present in 
highly supersaturated condition, crystallized. In crystal- 
lizing, each molecule of these sugars combined with one 
molecule of water of crystallization furnished by the 
honey. As a result of the reduction in free water con- 
tent, the mixture lost its viscous consistency as well as 
some of its hygroscopic qualities and acquired a granu- 
lated texture. The crystallized product which usually 
contained less than 10 percent moisture could be fur- 
ther dried on trays or in a rotary tunnel drier. 

During experiments with the “dry mix” method, the ratio of 
honey solids to milk solids was varied but best results were 
obtained when this ratio was 40:60. No more honey than that 
needed to produce a 50:50 mixture could be used. Mixing was 
done at room temperature in a kettle equipped with a double 
action, scraper-agitator. The honey was drizzled into the pow- 
der in fine streams and intimately mixed so that large droplets 
of honey would not become isolated and surrounded by a powder 
coating. 

This “dry mix” method would be easy to carry out with 
simple equipment. The raw materials—honey and dried skim 
milk—could be assembled at any convenient location. Large 
quantities of the powder could be prepared for storage or sale, 
or small lots could be made specially for use in specific bakery 
or candy products. 

The honey flavor of the honey-dried skim milk mix- 
tures persisted much longer than did that of the spray 
dried products. After 4 to 6 months of storage at room 
temperature, the spray dried mixtures were weak in 
honey flavor and a stale powder flavor began to appear. 
After 10 months in storage, the honey-dried skim milk 
mixtures (dried to 2 percent moisture at the time of 
manufacture) still showed an attractive honey flavor 
and only a slight stale milk flavor. It was necessary to 
package all samples in sealed cans to prevent moisture 
pickup by the levulose of the honey. Some darkening 
in color was noticed in all the dry mixtures held at room 
temperature but this darkening was not considered ob- 
jectionable until the samples were held at least one year. 


SUMMARY 
1. Concentrated milk and honey products with good 
storage stability can be prepared for use in infant or 
special diets and also for use as a highly condensed or 
dried source of milk and honey in the manufacture of 
dry mixes, confections, bakery goods, and other foods. 
2. Sweetened condensed milks made with honey in 
place of sugar were held for 6 months at 70° F. (21° C.) 
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CONCENTRATED MILK 


before objectionable thickening occurred. it was neces- 
sary to forewarm the milk, before evaporation, to about 
240° F. (116° C.) for 4 minute to retard thickening in 
storage. 

3. Evaporated milk fortified with 8 percent honey 
solids had adequate heat stability to withstand steriliza- 
tion. The viscosity of the honey-evaporated milk was 
greater than the viscosity of normal evaporated milk. 
Since high viscosity retards phase separation, it is de- 
sirable in this product. Except for a darkening in color, 
the honey-evaporated milk withstood storage for 1 year 
at 86° F. (30° C.) better than the samples without 
honey. 

4. Dried honey-skim milk mixtures with 40 parts of 
honey solids to 60 parts of non-fat milk solids were 
successfully prepared by two different methods: (1) 
Spray drying, and (2) mechanical mixing of the honey 
and dried skim milk. Both processes produced excellent 
products but the mechanically dry-mixed powder main- 
tained a good honey flavor during storage longer than 
the spray dried product. Both powders were hygro- 
sopic and darkened somewhat during storage. 
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Methodology for Sensory Evaluation of Imitation Peppers* 


DAVID R. PERYAM ano VENONA W. SWARTZ” 
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A method of procedure is described for the evalu- 
ation of imitation peppers by comparison with a nat- 
ural pepper control. Five sensory tests for estimating 
similarity at successive levels are described and their 
utility demonstrated. Results of consumer preference 
tests are reported which call into question the basic 
importance of pepper to the flavor of foods. 


During World War II, when black pepper was not 
easily available, imitations appeared and found a limited 


*Presented at the Tenth Annual Meeting of the IFT, Chi- 
cago, Illinois, May 24, 1950. This paper reports research under- 
taken at the Quartermaster Food and Container Institute for 
the Armed Forces, and has been assigned number 316 in the 
series of papers approved for publication. The views or con- 
clusions contained in this report are those of the authors. They 
are not to be construed as necessarily reflecting the views or 
endorsement of the Department of the Army. 

*The authors gratefully acknowledge helpful advice and 
criticism from Dr. H. L. Fevold, Quartermaster Food and Con- 
tainer Institute for the Armed Forces, throughout the course of 
the work here reported. 


market. Since the war a continued scarcity of natural 
pepper has kept the interest in such products active. 
The quality of imitation peppers has been erratic and 
sales have been limited. However, because of the drive 
for national self-sufficiency as well as scarcity and high 
prices, imitation peppers are increasing rather than 
decreasing in importance and methods of evaluating de- 
velopments in the field are needed. 

The present paper is concerned with the development 
of sensory evaluation methods only, and not with the 
physical and chemical aspects. The nature and com- 
plexity of the problem militated against the attainment 
of precise solutions. Techniques adequate for obtaining 
practical information are described, however, it is 
recognized that considerable refinement is possible. 

Experimentally useful criteria had to be generated 
from incomplete knowledge of the true role of pepper 
in food and some decisions were necessarily arbitrary. 
Since pepper is used primarily not for its own flavor but 


3 
| 
+ 
| aif 
7 
a 
| 
4 
5 
| 
i 
| 
| 
4 
i 
3 
| 
i. 
‘| 
| 
me 
t 


208 FOOD TECHNOLOGY, MAY, 1951 


for its effects in combination with foods, any attempt 
to judge pepper, as such, does not come to grips with 
the real problem. It would seem logical to require only 
that imitations replace natural pepper in foods without 
lowering acceptability. But experimental difficulties 
would beset such a program, since pepper may be used 
in hundreds of different foods or recipes and one would 
never know in how many an imitation should be tested 
before approval. This criterion of simple suitability en- 
counters another difficulty. Many imitations have no 
proven effect on the acceptability of foods, yet have 
failed on the consumer market. This happened because 
the consumer did not judge them with regard to their 
possible use in foods. Imitations were rejected because 
under optimal sensory conditions they did not match his 
idea of pepper. This suggests another extreme criterion 
of a practical sensory identity with genuine pepper. 
Obviously, any imitation which met this criterion would 
be highly satisfactory but at the present time it is im- 
practical in that it seems impossible of attainment. The 
present investigation adopted a plan of evaluation in 
successive stages, using criteria between these two 


extremes. 
EXPERIMENTAL 


Flavor Carriers. Pepper and other spices have been judged 
by the method of direct stimulation by mouth (1). However, 
pepper is a strong stimulant and direct exposure to it creates 
a psychological disturbance that prejudices any skilled act. 
Pepper at full strength arouses sensations of both pain and heat 
as well as those of true flavor, whereas in normal usage with 
extreme dilution the former are reduced below their conscious 
thresholds even though they may contribute to the total effect. 
In the present investigation the observers’ strong negative atti- 
tudes when subjected to pepper at high intensity constituted 
a controlling factor that required the use of flavor carriers. 

A number of (oods, including tomato juice, hamburger, soup 
stock, white sauce, scrambled eggs, and mashed potatoes were 
evaluated for suitability as flavor carriers on the basis of the 
ease with which differences caused by variation in quality and 
quantity of pepper could be detected in them and also for the 
stability of observers’ quality judgments in replicate testing of 
a group of imitation peppers. None of the foods showed any 
definite superiority and tomato juice was selected since it per- 
mitted better physical control during testing. 

The best discrimination in taste tests was obtained using dis- 
tilled water as a diluent. Water infusions were prepared by a 
standard series of operations representing extraction conditions 
more thorough than those encountered in the mouth during 
eating, but certainly not as severe as those which pepper under- 
goes during preparation of most cooked foods. One gram of 
pepper or imitation was added to one liter of distilled water at 
3%6.7° C. (98° F.). This mixture was allowed to stand for one 
minute and was then filtered rapidly. Lesser concentrations 
were obtained by dilution. Infusions were made fresh each day. 
Dry pepper was used for odor tests, one gram of the ground 
material being spread out on the bottom of a 300 ml. Erlen- 
meyer flask fitted with a ground glass stopper. Anticipating an 
accusation of inconsistency in that this represents testing without 
dilution, it is pointed out that in all odor testing air is the effec- 
tive diluent. The dilution is great; unfortunately it is also 
variable. Pepper was added to the tomato juice in the propor- 
tion of 0.04 g. per 100 ml. The level was arbitrarily selected 
since pepper is customarily added “to taste.” At this level the 
flavor of genuine pepper was definitely perceptible to most 
people yet few considered it too strong. 

Observers. Observers of two different types were used. 
Preference testing was done by people who were as representa- 
tive of the unselected consumer as it was possible to obtain. 
These observers were called randomly from among a large 
available group, excluding anyone with either knowledge of the 


present problem or technical knowledge of spice quality, and 
all persons on the difference testing panel. 

A selected panel of observers was used for all difference 
tests. Starting with a group of 88 persons, selection of 25 per. 
sons of superior skill in detecting quality and intensity differ. 
ences between peppers was accomplished through elimination 
by successive series of the difference tests which are described 
later. Thus selection was on the basis of consistently demon. 
strated skill in the type of tests that were used. 

Genuine Pepper Control. A good typical black pepper sup- 
plied by a major spice company served as a constant reference 
point in all tests. A 50-Ib. lot of this freshly ground pepper was 
packed in air-tight 1-lb. cans for storage. New cans were opened 
as needed and after opening the pepper was kept in tightly 
closed glass jars. Difference tests showed that there was no 
loss in strength throughout the period of the experiment, 

Test Methods. The tests included the five approaches which 
are briefly described below. Of these, the dual standard odor 
test and the triangle test have been described in detail in g 
previous article (2). 

1. Dual standard odor test. Two pairs of samples, each con- 
sisting of a control pepper and a variant being tested are pre- 
sented in Erlenmeyer flasks covered with paper in order to hide 
possible differences in appearance. The observer first studies 
a pair which is plainly identified, being allowed to sniff one and 
then the other until he feels that he has formed a concept of 
the difference. Then he attempts to identify the samples in the 
unmarked second pair. Each observer gives two judgments at 
a session. 

2. Imitation odor identification test. The observer is pre- 
sented with a single pair of unidentified samples in the covered 
flasks, one containing control pepper and the other the variant. 
and is instructed: “One of these is genuine pepper; the other an 
imitation which will be more or less like the genuine pepper. 
Identify the imitation.” He is required to guess if he is not 
sure. Two judgments are given at an experimental session, 

3. Triangle test in water infusion. The standard water infu- 
sions are diluted using 3 parts of the stock infusion to 7 parts 
of distilled water. Thresholds for true pepper flavor were 
established for the panel members and this concentration was 
selected as being well above the threshold of the least sensitive 
panel member yet not high enough to cause distress. Samples 
of approximately 20 ml. are presented at room temperature in 
l-oz. glasses. Following a “warm-up,” which is a sample of 
the control, and a subsequent distilled water rinse, three coded 
samples, two controls and a variant, are presented simul- 
taneously and the observer is asked to identify the variant. The 
observer gives a second judgment on a second set of samples 
after a water rinse. 

4. Triangle test in tomato juice. Samples are prepared by 
adding control pepper and variant to unseasoned tomato juice 
at the concentration of 0.04 g. per 100 ml. Any difference in 
appearance is cancelled by adding an excess of neutral pepper- 
base to both lots until they appear equal. Temperature, size of 
sample, and test procedure are the same as for the water in- 
fusion test. 

5. Paired comparison preference test. Samples of tomato 
juice are prepared as for the triangle test; they are 30 ml. in 
quantity and are presented at room temperature. Following a 
“warm-up” and rinse, two coded samples comprising the pair 
are presented simultaneously. The question is asked “Which 
do you prefer?” A second pair is presented after a rinse. 


RESULTS AND DISCUSSION 


The methods described here have been used regularly 
to evaluate imitation peppers and ingredients proposed 
for use in their formulation. Not all samples are sub- 
jected to all five tests since in many cases sufficent in- 
formation can be obtained by use of only one or two of 
them. 

Data are presented in Table 1 for nine samples that 
were subjected to the full battery of tests. In the 
triangle tests, 3314 percent correct responses would be 
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TABLE 1 


Genuine and Imitation Peppers Compared to Genuine Pepper Control 


— Dual Standard Imitation Odor 
Odor Test Identification Test 
mple Percent Percent 
Some N Correct* Sig.* N Correct Sig.* 
aq A 20 90.0 eee 36 69.4 * 
Gracin B 4 75.0 one 40 35.0 ee 
Peppers 0 75.4 35. 
40 72.5 40 55.0 0 
a D 40 80.0 eee 30 76.7 — 
Pepper 
Extenders E 38 86.8 — 40 87.5 eee 
F 20 eee 40 87.5 eee 
Im.tation 
Peppers G 20 100.0 40 80.0 
Experimental H 40 90.0 eee 20 90.0 eee 
Imitation 
Peppers 20 95.0 95.2 


© Code: *** significant at the 1% level 
** significant at the 5% level 
* significant at the 10% level 
0 not significant 


expected by chance alone if there were no difference 
between control and sample; 50 percent correct re- 
sponses or preference choices for the sample would be 
expected on the other three tests. Observed percentages 
deviating from these chance percentages with signifi- 
cance at the 1, 5, and 10 percent levels are shown. In 
reporting results of the odor identification tests on 
genuine peppers, “correctness” is defined as selection of 
the variant. 


The testing of samples A, B, and C, brands of genuine pepper 
selected at random, was a necessary rationalization of the pro- 
cedure which used a single lot of pepper as a control. It defined 
the relationship between various natural black peppers. All 
three samples were significantly different from the control 
pepper on the dual standard odor test. In the odor identification 
test, which reflects interpretation as well as simple detection of 
difference, discrimination was less precise as shown by the 
smaller percentages found correct. Sample A was interpreted 
as being “imitation” significantly more often than the control. 
Sample C showed no difference, and sample B was called “imi- 
tation” even less often than the control. Results on both triangle 
tests show no variation from the chance pattern and therefore 
the preference test was not tried. 

Samples D and E were preparations available commercially, 
consisting of pepper extractives adsorbed on a salt base, and 
should be considered as pepper extenders. The dual standard 
oder test revealed differences from the control of about the 
same order as with the genuine peppers. In the identification 
test, however, the preparations were consistently judged as 
“imitation.” Since no difference was shown by either triangle 
test the “no difference ” result on the preference test would be 
expected. 

Samples F and G were commercial imitations which appeared 
on the consumer market during the war. Odor differences were 
marked, with perfect scores on the dual standard test and nearly 
a unanimous agreement on identification. Sample F showed 
the greatest difference on the taste tests of any of the samples, 
while Sample G dropped to the chance level on the tomato juice 
test. Note, however, that even Sample F was not inferior to the 
control on the basis of preference. 

Samples H and I were two laboratory formulations which 
originally had seemed promising. They exhibited extreme dif- 
ference from the control on both odor tests. The percentages 
found correct dropped in the water infusion triangle test and 
still more in the tomato juice test, even though all differences 
remained significant at either the 1 or 5 percent levels. In spite 
ot such definite qualitative differences, there was but little 
discrimination on preference. 


Triangle Test in 
Water Infusion 


N 
40 
40 


40 


40 


7 Preference Test in 
Tomato Juice 


Triangle Test in 
Tomato Juice 


Percent Percent 


Percent Preferring 
Correct * Sig.¢ N Correct* Sig.* Sample Sig.* 
37.5 6. | 
32.5 0 40 40.0 ( 
42.5 0 40 37.5 0 
38.2 0 40 30.0 0 | 80 55.0 0 
m0 
57.5 40 42.5 40 52.5 0 
67.5 50 50.0 75 $4.7 0 


450% correct expected by chance 
331449 correct expected by chance 
‘ Identification of the non-control pepper as the imitation called “correct” 


In Table 2 the results on all nine samples are brought 
together for purposes of comparison with only the 
significance of each test being shown. There is a definite 
order of sensitivity within the group of tests, ranging 
from the dual standard which showed all nine samples 
to be different from the control, to the preference test 
which found only one slight difference ; also it is possible 
to place the samples in a definite order of similarity to 
the control pepper. Table 2 demonstrates that the two 
series can be presented simultaneously without a single 


TABLE 2 


Significance of Test Results: Imitation and Genuine Peppers vs. 
Genuine Pepper Control * 


Experi- | Commercial 
mental | Imitation | Pepper Genuine 
Test Imitation | Peppers | Extenders Peppers 
| Peppers 
| H I F G | D E A B ( 
Dual Standard | 
Odor | see ee see see ee ee eee 
Imitation Odor | | 
Identification see ee eee see 0 
Triangle in | | 
Water Infusion | *** | 0 0 0 0 0 
Triangle in 
Tomato Juice ses | | 0 0 0 0 
Preference in 
Tomato Juice . 0 0 o | Oo 0 


* Codes as in Table 1. 


inversion of either order, which means that the results 
on each sample agreed perfectly with the general trend 
of the data. An orderly system of measurement is thus 
implied, although the agreement depended also on 
there being an orderly series of flavor properties in the 
samples. That it actually so happened was, in large 
part, chance. Even so, the orderly nature of these re- 
sults implies validity of the system of evaluation. 

Considering the present stage of development in the field, it 
can hardly be required that all work on imitation peppers con- 
tinue until identity with natural pepper is attained. For this 
reason a test which will predict the utility of an imitation that 
only partially meets the objective of identity is valuable. This 
was one consideration in the selection and development of the 
tests. 
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The odor tests «1 the dry pepper represent the situation in 
which a buyer of pepper is most likely to judge the imitation, 
i.e., by direct odor examination. The dual standard test sets 
optimum conditior- and is too sensitive to represent practical 
evaluation. The « «¢ identification test, at the next level of 
sensitivity, would ¢ ¢ better prediction of whether an imitation 
were reasonably close to the customer's concept of natural 
pepper. The triangle test in water infusion has no analogue in 
practical use. It is designed to exhibit, under conditions made 
optimum for discrimination, those flavor properties which are 
effective when pepper is eaten in food. An imitation pepper 
which passed this tyst could be substituted for genuine pepper 
in any food withoy, changing its flavor. The practicability of 
this test is shown that it passed without question all three 
genuine peppers an. also the two commercial preparations con- 
taining the pepper extractives. The inference is that it would 
not reject any imitation with a true pepper flavor. 

The tomato juiceftriangle represents use in a typical food. It 
gives an estimate ofthe probability of the existence of a flavor 
variation that couk carry through when blended with food 
flavors. A test comparable in purpose to this one could be set 
up using any one of many foods. Although our preliminary 
work on flavor carriers indicated that there would be little 
difference in sensitivity of the test with any of the foods tried, 
the list of flavor carriers tested is not all-inclusive. It seems 
certain that foods Gould be selected which would give either 
greater or lesser seqsitivity. 

The preference @st in tomato juice should be the most 
meaningtul of the MBhole series since it evaluates any flavor 
variations that may{#}xist by that final practical criterion, con- 
sumer preference. Hire the preference test failed to discriminate 
between samples, s#fe even those imitations which were defi- 
nitely different frc™# the control pepper were preferentially 
equal to it. Howes , it is possible that an imitation may be 
considered at some me which could not meet this criterion; 
certainly the test n st be used whenever a difference can be 
shown. 

Is Pepper Essential to Flavor? 


The question of the true role of pepper was a natural 
corollary to these results. If an imitiation pepper, quite 
different from the genuine material, is preferentially 
equal to it, how important is pepper itself to the flavor 
of foods ? 

To answer this question consumer preference tests 
were run in which foods seasoned normally with pepper 
were compared directly with the same foods without 


data were obtained on some foods than on others since 
any test was extended when first results indicated a 
trend in either direction. 

Only in the case of vegetable soup was it definitely 
established (1 percent level) that pepper improved 
flavor. There were two trends for the food containing 
pepper, also two trends against it, but in all four cases 
the variation from the chance percentage is not large. 
To test the hypothesis that this may have been due to 
the test method, which employed a number of smalf 
samples presented at one session, results on four of the 
foods were checked by a second method. The observer 
ate 2-ounce portions of each food but only one sample 
at a session, and rated each on a scale whose nine points 
ranged in successive categories from “dislike extremely” 
to “like extremely.” This preference scaling device is 
used regularly in our laboratory and has been found to 
give reproducible results. Three canned ration items 
and pork sausage were tested using consumer ob- 
servers. Mean ratings on the scale were almost identical 
for the canned meats with and without pepper. With 
pork sausage there was a very slight trend toward 
preference for the sample containing pepper, which 
agrees with results of the paired-comparison test. 

These results are not conclusive but they strongly 
suggest that the traditional role of pepper has been over- 
estimated and that many people would be content to use 
much less of it or none at all. There are two factors 
which qualify this tentative conclusion: (1) pepper was 
tested in only a few of the many ways in which it is 
used, and (2) testing was confined to one group of 
consumer-observers who can not be considered repre- 
sentative of all potential pepper-users. However, even 
if the conclusion can not claim universality, it consti- 
tutes a serious questioning of the importance of natural 
pepper to flavor. This is significant to the development 
of imitiation peppers because, if pepper itself is rela- 
tively unimportant in foods, then the task of developing 
suitable substitutes should be less imposing. 


SUMMARY AND CONCLUSIONS 


pepper. Seasoning levels of these foods were deter- 
mined by usual recipes or by military specifications. 
The basic data were gathered by the same _paired- 
comparison method used for the tomato juice preference 
test. The results obtained are given in Table 3. More 


A battery of five tests was developed for the purpose 
of evaluating imitation peppers by comparison witha 
natural pepper control. They fall into a consistent order 
of sensitivity. The most sensitive, the dual-standard 
odor test with the dry peppers, revealed definite differ- 
ences even between natural peppers and the control. 
The least sensitive, preference in tomato juice, showed 
Lut little difference between imitation and the control 


TABLE 3 


Paired-Comparison Preference Tests of Foods 
With and Without Pepper 


| Percent || Observers Preferring pepper. All tests with exception the 
Food Weight | Sample | Sample | Signiti difference test m water infusion are analogues ot p 
| without with —_| cance tical evaluation situations. This series of tests will show 
— relative values of imitation peppers; single tests can 
Cream of Tomato Soup! 0.015 80 | 60.0 400.0 : 
Tomato Juice 0.040 60 | 600 | 40.0 | selected for specific purposes. 
Corned Beef Hash * | 0.038 | 80 | $7.5 | 42.5 0 Consumer preference tests showed that pepper does 
Beef Stew * | oom | 39 | sxe | 462 | 0 not improve the flavor of many foods in which pepper 3s . 
Hamburger | 0.220 60 48.3 | 0 normally used. \ 
Mashed Potato 0.040 40 47.5 0 
| LITERATURE CITED 
| | 1. Cantwricut, L. C., ann Nanz, R. A. Comparative evaluation of 
Pork Sausage | 0.130 122 | 418 58. . ee spices. Food Technol., 2, 330 (1948). 
Vegetable Sou | ooo | gol 338 66.2 eee 2. Cartwatcut, L. C., ano Nanz, R. A. Flavor improved, sales boosted 
: through organoleptic tests. Food Inds., 20, 1608 (1948). 
* Canned ration items. 3. Peryam, Davip R., ann Swartz, VeNona W. Measurement of sem 


sory différences. Food Technol., 4, 390 (1950). 


' Codes as in Table 1. 


